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Abstract  
 
Roller compaction is a dry granulation technology, used to overcome unfavorable 
physical properties of powders and APIs, such as poor flow, low and/or inhomogeneous 
bulk density or segregation/floating of powder blends. Simplified, two rolls are 
compacting powder into a ribbon of theoretically infinite length, being milled into 
granules in-line. Thorough equipment design and sophisticated instrumentation allow 
reproducible, continuous manufacture as well as PAT and QbD applications. Associated 
with many advantageous properties, one of the major roller compaction drawbacks is 
the potential for relatively high amounts of fine particles after milling of the ribbons. To 
investigate their impact, a variety of blends with different amounts of fine, medium and 
coarse granules fractions were prepared to simulate a practically relevant variety of 
particle size distributions. As shown for the single particle size fractions, the flow 
properties of the blends strongly suffered from high presence of fines < 0.1 mm. 
However, the results were better than for the unprocessed primary particles, and there 
was further improvement with the medium fraction and the blends with the coarse 
particles. It could be shown experimentally that the tablets tensile strength significantly 
suffers from the presence of roller compacted fines, valid for blends with 15% of fines, 
even more with 30% being present. A major reason can be expected in the changed 
particles shape and therefore decreased ability of the pre-densified fines to flow and 
align while filling the dies and during the compression phase. This alignment effect is 
surprisingly over-compensated for higher amounts of fines, as the tablets tensile 
strength increases for blends with 45% and 60% fines presence: now the high number 
of particles and their large surface area appears to be predominant – despite the poor 
flow. The best tensile strength data derived from the medium fraction 0.1 - 1.0 mm: the 
wide variety of smaller and larger particles with good flow properties easily aligns during 
filling and compression phase. For the coarse particles 1.0 - 1.25 mm, their limited 
specific surface area and therefore reduced ability to establish interparticular bindings 
has minor negative impact on the blends compressibility. 
As described above, the milling step is of vital importance for the ribbons processability. 
As a consequence, several milling devices (Quadro Comil 197, Frewitt mill GLA_ORV, 
Gerteis granulator with standard and new sieve housing) were assessed, as well as 
their settings (different sieve screen sizes, sieve types, rotor types, rotor speeds, 
rotor/sieve distances, and sensible combinations thereof). The evaluation is mainly 
based on the presence of resulting fine particles. Also material throughput, ease and 
reproducibility of set-up and number of critical process parameters were considered. 
The integrated Gerteis granulator with newly modified sieve housing delivered the best 
performance, whereas for smaller ribbons quantities also the independently driven 
Frewitt mill GLA_ORV prove to be a viable option. 
For formulation optimization purposes, five dry binders (PEG 1500 and 4000, PVP K30, 
PVP/VA copolymer, HPC) were added in low amounts to the standard formulation 
(MCC as major excipient for roller compaction applications; Mg st added as lubricant). 
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The intent was to possibly improve the good binder properties of MCC partially and to 
reduce fines after milling. This target could be reached especially by two dry binders, 
though associated with inherent drawbacks: already 3% PEG 1500 reduces the amount 
of fines, keeps tablet disintegration time and improves milling batch-to-batch variation – 
if the tablets crushing strength reduction by 20% is acceptable. 9% PVP K30 is required 
for fines reduction by 6.1%, the best overall result. Tablets crushing strength is still 
intact, batch-to-batch variation improved, but disintegration time is more than three 
times higher than the compendial 15 minutes limit (for the assessed formulation, 
intentionally manufactured without superdisintegrants).  
To learn more about excipients for roller compaction, compression trials were performed 
with pure excipients and rather formulation-like 1:1 blends with MCC. The objective was 
to get information about the manufacturing methods comparability (direct tabletting vs. 
roller compaction/tabletting vs. texture analyzer, TA) and the extend of their 
predictability. The tablet’s crushing strength of each formulation is calculated by using 
the slope’s formula for data standardization and direct comparison in a metric ranking 
order, like for the three different sets of TA data. 
Overall, the direct tabletting data prove to be predictable with a relatively high probability 
from TA compression of powders. To a limited extend this is also valid for prediction of 
roller compaction feasibility, using direct tabletting trials as well as the three TA 
characterization systems. Here the TA compression of powders is preferred if only a 
limited amount of material is available. If time is more critical than material availability, a 
roller compaction trial should be considered in order to manufacture a few intact ribbons 
at different compaction force levels. As milling and tabletting of the ribbons can be 
skipped by simply assessing the ribbons properties with the TA, this approach can be a 
valuable tool especially for screening purposes. As an outlook, the DT/RC prediction by 
TA application could be improved further by overcoming TA speed limitations - thus 
mimicking more closely DT/RC displacement and densification curves. 
Looking into the excipients, MCC of adequately small d50 (type Avicel PH 101) reaches 
the best scores for direct tabletting and roller compaction / tabletting and justifies being 
the basic ingredient of roller compaction formulations. In contrast to that, the much 
larger particles of Avicel PH 200 are not appropriate for this process. Despite its poor 
performance as pure excipient in direct tabletting and roller compaction / tabletting, 
Tablettose 70 shows unexpectedly good results in the 1:1 blend with Avicel PH 101, so 
this combination can be considered for formulation development. To reduce fines, 
mannitol (type Pearlitol SD 200) and pregelatinized starch (type Cerestar 93000) do not 
seem to be well suited for roller compaction purposes, but the latter can help as tablet 
disintegration aid in low proportions. 
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Kurzfassung der Ergebnisse 
 
Bei der Walzenkompaktierung handelt es sich um ein Trockengranulationsverfahren. Es 
wird eingesetzt um ungünstige Wirkstoff- oder Rezeptureigenschaften zu verbessern, 
wie z.B. schlechte Fließeigenschaften, niedrige und/oder inhomogene Schüttdichte oder 
Segregation/Aufschwimmen von Rezepturbestandteilen. Vereinfacht beschrieben wird 
Pulver von zwei Rollen zu einer theoretisch unendlich langen Schülpe verdichtet, 
welche umgehend zu Granulat zerkleinert wird. Durchdachter Geräteaufbau und 
hochentwickelte Instrumentierung ermöglichen reproduzierbare, kontinuierliche 
Herstellweise sowie PAT- und QbD-Anwendungen.  Obwohl die Walzenkompaktierung 
viele Vorteile bietet, besteht die Gefahr eines relativ hohen Feinanteils nach dem 
Aufmahlen der Schülpen. Zur Beurteilung möglicher Auswirkungen wurde eine Vielzahl 
von Mischungen aus feinen, mittleren und groben Granulatfraktionen hergestellt, um 
eine praxisrelevante Auswahl verschiedener Korngrößenverteilungen zu simulieren. 
Wie schon für die einzelnen Granulatfraktionen gezeigt werden konnte, verschlechterte 
die Anwesenheit größerer Mengen Feinanteils < 0,1 mm deutlich die 
Fließeigenschaften der Mischungen. Verglichen mit den unbehandelten Primärpartikeln 
waren die Werte dennoch besser, eine weitere Verbesserung war bei den Mischungen 
mit mittleren und groben Granulatfraktionen festzustellen. Es konnte experimentell 
belegt werden, dass sich die Bruchfestigkeit der Tabletten signifikant durch die 
Anwesenheit von 15% walzenkompaktierten Feinanteils verschlechtert, noch deutlicher 
ausgeprägt bei 30%. Als Hauptgrund dafür kann eine veränderte Partikelform 
angenommen werden, und daraus resultierend eingeschränktes Fließen und Ausrichten 
des vorverdichteten Feinanteils beim Füllvorgang der Matrize sowie während der 
Verpressung. Bei Anwesenheit größerer Mengen Feinanteils von 45% und 60% wird 
der Effekt verminderten Ausrichtens überraschenderweise überkompensiert, denn die 
Bruchfestigkeit der Tabletten steigt an: nun scheint die hohe Anzahl der Partikel und 
ihre hohe Oberfläche vorherrschend zu sein – trotz der schlechten Fließeigenschaften. 
Die mittlere Korngrößenfraktion 0,1 - 1,0 mm wies die beste Bruchfestigkeit auf: der 
weitgefächerte Bereich kleinerer und größerer, gut fließender Partikel richtet sich 
während Füllung der Matrize und der Verpressung leicht aus. Die geringere spezifische 
Oberfläche der groben Granulatfraktion 1,0 - 1,25 mm limitiert die Ausbildung 
interpartikulärer Bindungen und reduziert somit geringfügig die resultierende 
Bruchfestigkeit der Tabletten. 
Wie beschrieben ist das Aufmahlen der Schülpen von besonderer Bedeutung für die 
weitere Verarbeitbarkeit. Aus diesem Grund wurden verschiedene Siebmaschinen 
untersucht (Quadro Comil 197, Frewitt GLA_ORV, Gerteis Granulator mit Standard- und 
neuem Siebgehäuse), sowie diverse Parameter (verschiedene Siebmaschenweiten, 
Siebtypen, Rotoren, Rotorgeschwindigkeiten, Rotor/Sieb-Abstände und sinnvolle 
Kombinationen davon). Die Auswertung basiert im wesentlichen auf der Menge des 
resultierenden Feinanteils. Berücksichtigt wurde ebenfalls der Materialdurchsatz, 
Aufwand und Reproduzierbarkeit der Einstellung sowie die Anzahl kritischer 
Prozessparameter. Der integrierte Gerteis Granulator mit neuem Siebgehäuse lieferte 
die besten Ergebnisse, doch für geringe Schülpenmengen ist auch die unabhängig zu 
betreibende Frewitt GLA_ORV geeignet.  
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Zur Formulierungsoptimierung wurden geringe Anteile von fünf Trockenbindemitteln 
(PEG 1500 und 4000, PVP K30, PVP/VA Copolymer, HPC) zur Standardformulierung 
(MCC als wichtigster Hilfsstoff bei der Walzenkompaktierung; Mg st als Schmiermittel) 
gegeben. Das Ziel war, möglicherweise Teilaspekte der Bindemitteleigenschaften von 
MCC zu verbessern und den Feinanteil zu verringern. Trotz vorhandener Nachteile 
wurde dieses Ziel von zwei Trockenbindemitteln erreicht: schon 3% PEG 1500 
reduzierte den Feinanteil, behielt die Zerfallszeit der Tabletten bei und verbesserte die 
Chargenvariation beim Aufmahlen – falls 20% Abfallen der Bruchfestigkeit der Tabletten 
akzeptabel ist. 9% PVP K30 sind notwendig für die Verringerung des Feinanteils um 
6,1%, das insgesamt beste Ergebnis. Die Bruchfestigkeit der Tabletten wird nicht 
beeinträchtigt, aber die Obergrenze von 15 Minuten Zerfallsdauer wird um mehr als das 
Dreifache überschritten (bei der untersuchten Formulierung, die absichtlich  ohne 
Zerfallsbeschleuniger hergestellt wurde). 
Um mehr Erfahrungen über Hilfsstoffe bei der Walzenkompaktierung zu sammeln, 
wurden Tablettierversuche der reinen Hilfsstoffe sowie formulierungsähnlichen 1:1 
Mischungen mit MCC durchgeführt. Hierbei sollten die Daten der Herstellverfahren 
(Direkttablettierung vs. Walzenkompaktierung vs. Texture Analyzer, TA) verglichen 
werden, sowie das mögliche Ausmaß ihrer gegenseitigen Übertragbarkeit. Die 
Bruchfestigkeitswerte der einzelnen Formulierungen wurden standardisiert aus der 
Steigung der Ausgleichsgeraden berechnet und zur direkten Vergleichbarkeit (ebenso 
wie die drei unterschiedlich generierten TA Datensätze) gemäß ihres Ergebnisses 
bewertet und eingestuft. Bei Verpressung am TA zeigen die Ergebnisse eine hohe 
Übereinstimmung mit den Direkttablettierungsdaten. Eine Vorhersage der Eignung für 
die Walzenkompaktierung ist auf Basis der Direkttablettierungsdaten sowie der drei TA 
Datensätze nur begrenzt möglich. Hierbei ist die Verpressung von Pulvern am TA zu 
bevorzugen, falls nur geringe Materialmengen zur Verfügung stehen. Falls die Zeit der 
begrenzende Faktor ist, käme ein Kompaktierungsversuch in Frage, um einige 
Schülpenstücke bei verschiedenen Druckeinstellungen herzustellen: bei Untersuchung 
der Schülpeneigenschaften mit dem TA entfallen Aufmahlen und Tablettieren der 
Schülpen. Darüber hinaus könnte die Vorhersagbarkeit von DT/RC-Daten mittels TA 
zukünftig durch eine Erweiterung des TA-Geschwindigkeitsbereichs verbessert 
werden - was  eine bessere Angleichung an die DT/RC-Bewegungs- und Verdichtungs-
kurven ermöglichen würde. 
Bei den Hilfsstoffen erzielt MCC mit ausreichend kleinem d50-Wert (Typ Avicel PH 101) 
die besten Ergebnisse bei Direkttablettierung sowie Walzenkompaktierung / 
Tablettierung und bestätigt somit seinen Einsatz als Standardhilfsstoff bei der 
Walzenkompaktierung. Die deutlich größeren Partikel von Avicel PH 200 sind hingegen 
für diesen Prozess ungeeignet. Trotz der schlechten Datenlage reiner Tablettose 70 bei 
Direkttablettierung sowie Walzenkompaktierung / Tablettierung zeigte die 1:1 Mischung 
mit Avicel PH 101 überraschenderweise gute Ergebnisse – somit kann diese 
Kombination bei der Formulierungsentwicklung berücksichtigt werden. Zur 
Verminderung des Feinanteils sind Mannitol (Typ Pearlitol SD 200) und vorverkleisterte 
Stärke (Typ Cerestar 93000) weniger geeignet, aber letztere kann in geringen Mengen 
den Tablettenzerfall unterstützen. 
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1. Introduction 
 
1.1 Why Roller Compaction? 
Pharmaceuticals have a long and successful history. Initially only produced on individual 
prescription, pharmacists played the leading role in preparing small scale batches of up 
to several hundreds units of extracts, tinctures, ointments, mixtures, tablets and 
capsules.  
Increasing population and prosperity as well as the promising results of scientific 
research led to higher need of medication that small, single pharmacies could not fulfill. 
As a consequence, in the 1920s the industrial manufacture of pharmaceuticals slowly 
began to establish, often associated with the research for synthetic coloring and thus 
started up in chemical industries. Those were the “golden years” for the first 
pharmaceutical companies like Bayer, Hoechst, Eli Lilly, Merck or Abbott Laboratories, 
as there was low competition and a huge market.  
 
Today, a lot has changed: the globally acting pharmaceutical companies are in hard 
competition on strongly diversified markets, the so-called blockbusters are rare, 
manufacturers of generic medication working on expiring patents.  
So even more than before, pharmaceutical companies have to maximize the efficiency 
of their manufacturing processes. Regarding solid dosage forms, the preferred method 
is still direct tabletting of powders, which implies only a few unit operations: weighing the 
excipients into a container, blending and compressing into tablets. The popularity of this 
technology is based on its simplicity and time/cost efficiency. 
 
Nevertheless, direct tabletting has its limitations: physico-chemical parameters of 
excipients and active pharmaceutical ingredients (API) have to be matched and 
controlled carefully. Otherwise significant differences in e.g. bulk density or particle size 
distribution could effect floating or segregation, resulting in instable or inhomogeneous 
blends with a tendency to de-mixing. This would negatively impact mass and content 
uniformity. Another drawback can be the dust exposure, especially while handling high 
potent APIs.  
To overcome these issues it can be beneficial to include an additional unit operation: 
the granulation of the powders. The manufacture is typically conducted in a high shear 
or fluid bed granulator by spraying a binder solution on the powders in order to increase 
their particle size, followed by a drying and sizing step (review: Giry et al., 2006). 
Compared to direct tabletting, granulation in general can also help to develop smaller 
tablets by increasing its API load – positively impacting gastrointestinal transit time 
(Adkin et al., 1993). 
Drawback of the widely used wet granulation technology is the huge amount of space, 
energy and processed air to dry the granules after the granulation process. In addition, 
this technology is not best choice for heat and/or hydrolysis sensitive APIs. Effervescent 
powders are typically processed by using organic solvents, but they require high efforts 
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to ensure a low level of residual solvents in the final product – as well as caring for 
personal and environmental safety.  
In these cases other options than conventional wet granulation have to be considered. 
As an interim solution, tabletting with large punches and subsequent milling of the 
deriving tablets was performed – the so-called slugging, described by Baetz, 1961. This 
enables “granulation” of sensitive APIs, but does not solve the powders flow and de-
mixing issues. As a consequence, the granules strongly vary in porosity, negatively 
impacting the final tabletting step. 
 
As a far better approach, roller compaction is used to overcome unfavorable powders 
and APIs physical properties, such as poor flow, low and/or inhomogeneous bulk 
density, needles/flakes/plates particle shape or segregation/floating of powder blends. 
This dry granulation improves the inadequacies described above by fixing the APIs 
particles in the ribbon’s excipient matrix. The ribbons are subsequently milled into 
granules, being the basis for further processing such as encapsulation or tabletting. 
Technically, the roller compaction key process is constant screw feeding of the powder 
blends into the gap formed by two counter-rotating rolls: the powders are continuously 
densified into ribbons of theoretically infinite length. The ribbon’s thickness is mainly 
determined by the selected gap width. An optional granulator unit can mill the ribbons 
into granules in-line: in addition to the convenience of a one-box design, also dust 
exposure is reduced, primarily relevant while handling high potent APIs. 
 
Current roller compactor designs are ideally equipped with highly sophisticated 
instrumentation, control systems and automated modes to ensure highly uniform 
processing of ribbons reproducibly, beneficial also concerning GMP requirements.  
Moreover, the proper instrumentation and controls in combination with adequate starting 
materials supply offers the option of the very economic continuous manufacturing 
process. This method has the potential for theoretically unlimited batch sizes by feeding 
the powder constantly into the roller compactor, allowing in-line granulation, and instant 
supply to an encapsulator or a tablet press.  
Even without continuous manufacture, larger batch sizes (and therefore reduced batch 
analysis and release efforts in clinical manufacture) can be achieved with low efforts by 
increasing the rolls speed, gap size or roller width (Sheskey et al., 2000). 
 
Adequate process controls in pharmaceutical manufacture are also required to suffice 
the current FDA demands, such as PAT (Process Analytical Technology) and QbD 
(Quality by Design). PAT comprises designing, analyzing and controlling processes by 
measuring critical process parameters and quality attributes. However, the PAT initiative 
is only one topic within the broader FDA initiative of "Pharmaceutical cGMPs for the 
21st century – A risk based approach". This also includes QbD, a systematic 
development approach that begins with predefined objectives and emphasizes product 
and process understanding and control, based on sound science and quality risk 
management. These principles are outlined in the ICH guidelines Q8 (Pharmaceutical 
Development), Q9 (Quality Risk Management) and Q10 (Quality System). 
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As a solvent-free granulation process, this means absence of drying processes that 
imply large and highly expensive air handling systems as well as solvent recovery. The 
valuable (GMP-) manufacturing and supply floor space is strongly reduced, compared to 
conventional wet granulation units.  
Roller compaction is appropriate to handle heat and/or hydrolysis sensitive APIs as well 
as effervescent powders. In addition there is no risk of solvent-induced polymorph 
changes or the presence of residual solvents in the final product. 
Even though a certain knowledge on roller compaction is available in the scientific field, 
there is still data missing e.g. on the granules, their manufacture and properties, the 
impact of excipients blends etc, also stated by Grulke et al., 2004. 
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1.2 Technology 
1.2.1 Process Overview 
WeighingIn
Tabletting
Milling 
Blending
Powder
Ribbons
Powder
Tablets
Weighing In
(Admixing
outer Phase)
Milling
(Granulator)
Blending
Compaction
Granules
Tabletting
Tablets
Tabletting
l ts
Picture 1: RC Process Overview – SEMs 
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The practical process starts with weighing in of the powders, usually consisting of one 
API (rarely two ore more) and other excipients. The physico-chemical properties of the 
API (e.g. particle size and shape, bulk density, flow properties) as well as the process 
requirements have an impact on the excipients selection. They are chosen due to their 
functionality, such as filler, binder, disintegrant, flow aid, lubricant, retarding or taste 
masking agents. 
Refer to Kleinebudde, 2004, for an detailed RC review. 
 
Picture 2 shows microcrystalline cellulose, type Avicel PH 101, often used for roller 
compaction purposes: 
 
 
Picture 2: SEM Avicel PH 101 
All SEM-pictures on page 15 - 18 show Avicel PH 101. The small distance bar in the 
lower left corner of the picture represents 20 µm. 
 
The formulation is then blended in a container to achieve a sufficiently even distribution 
of the ingredients. Finally the blend is ready for the first compression step – the roller 
compaction process, generating theoretically infinite ribbons: 
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Picture 3: SEM Avicel PH 101 Ribbon 
The ribbons matrix is still relatively porous, a prerequisite for the subsequent tabletting 
step. Before tabletting the ribbons have to be milled.  
 
Picture 4 shows a larger granule as intermediate: 
 
Picture 4: SEM Avicel PH 101 Granule 
Compared to granules derived from wet granulation, here the particles and surfaces are 
rather irregularly shaped (especially the low compacted fines as described in 3.4.2; also 
stated by Shlieout et al., 2000).  
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The porous structure is still intact, so the tabletting process, and therefore the inherent 
second porosity reduction, is feasible: 
 
 
Picture 5: SEM Avicel PH 101 Tablet 
The tablet surface shows the closely condensed material of the tablet matrix.  
 
The granules are compressed between the upper and lower punch in the die of the 
tablet press. Optionally, an outer phase can be admixed before. The true density of the 
formulation theoretically limits the amount of densification, but for practical purposes the 
compression forces applied are far below these values due to tablet press or tooling 
stability limitations.  
 
 
 
1.2.2 Densification  
 
Picture 6: RC Densification Scheme  
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During the roller compaction process the powders are densified between two counter-
rotating rolls. The rolls carry the material from the “gliding zone” into the “nip area”, 
being located at the draw-in area nearby the minimal gap. Reaching the pre-defined gap 
width, the material is densified – forming the ribbon. According to the material 
properties, the ribbon might relax slightly after leaving the gap. 
 
 
 
1.2.3 Roller Compactor Designs 
For roller compaction it is obvious that the rolls are crucial parts of the device. Ideally 
there is a fixed roll (master roll) and an adjustable/variable roll (slave roll). They can be 
applied in different angles to another, offering pros and cons. Picture 7 shows the 
general set-up of commercially available roller compactors:  
 
 
Picture 7: RC Designs Scheme  
 
 
Horizontal draw-in: 
Due to the horizontal draw-in, material can remain in the gliding zone for a certain, 
uncontrolled time span. These pre-densified sectors have a negative impact on the 
homogeneity of the deriving ribbons.  
 
Vertical draw-in: 
According to Inghelbrecht and Remon, 1998, a drawback of this vertical design is the 
loss of material that can pass the gap without densification. Even for powders that can 
easily be compacted, a surplus must be applied initially before a solid ribbon is formed 
and the process turns into a stable state. 
 
Inclined draw-in: 
An inclined set-up of the rolls (like with a 30° angle) offers a reasonable balance 
between controlled powder feeding and strongly reduced initial lag time.  
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1.2.4 Gerteis Roller Compactor 
Construction 
Schematic construction of a roller compactor (Gerteis type):  
granules
rotor
sieve
ribbon
tamping auger
feeding
auger
bridge breaker
granulator
rolls
powder
 
Picture 8: Roller Compactor Process Scheme  
The powders are added into the feeding hopper that serves as a reservoir. The powder 
bridge breaker allows continuous powder flow into the feeding auger. The incoming 
material is then passed to the tamping auger that deposits it between the rollers.  
The counter-rotating rolls continuously draw in and compress the powders into a ribbon 
that can be milled in-line by the granulator.  
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Gerteis roller compactor MINI-PACTORTM: 
 
 
Picture 9: Gerteis MINI-PACTOR  
 
Process Controls  
The material transport in the roller compactor is performed by the bridge breaker, 
feeding and tamping auger and the rolls themselves. Each of them is driven separately 
by independent servomotor systems and continuously evaluated by sensors (speed, 
torque, temperature).  
 
There are challenges for an effective process control system, such as:  
- handling of powders with inhomogeneously distributed bulk density  
- avoiding over-/underfill of the screw system  
- fast and adequate response to varying powders properties 
- potentially sub-optimal equipment set-up 
- powders poorly drawn into the gap.  
 
The strong inter-dependency of these factors reflects the important role of the software 
controlling all functions: the overall quality of the granules is strongly based on the 
manufacturers skills in understanding and controlling the process. These skills are 
crucial for all deriving automated functions, like the useful gap or torque control. 
Nevertheless, to learn more about the mechanisms, alterations such as an instrumented 
roll can deliver useful data as described by Bultmann et al., AAPS Annual Meeting 
2004. 
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Gap Control 
The gap between the two rolls defines the thickness of the deriving ribbons 
(disregarding elastic recovery). In combination with the material mass throughput, the 
uniformity of the powder bulk density and the applied compression force, these 
parameters strongly impact the overall ribbons properties. Here the porosity as one of 
the most important quality attributes is to be named, for it allows drawing conclusions 
about the current state of densification and therefore the likelihood of success for the 
second densification step – the tabletting process.  
 
There are several ways to control the gap width. Using the easiest approach of a fixed 
gap, the material mass transport as well as the powders uniformity would have to be at 
an extremely high and consistent level to deposit the material constantly into the gap. 
As this is hardly impossible due to practical purposes, porosity variations within the 
generated ribbons are most likely. In addition, powders uniformity and flow properties 
are usually poor for the processed powders (otherwise direct tabletting could be the 
simple method of choice), so a fixed gap is not very reasonable. 
 
Gerteis and others use a variable gap in conjunction with a gap control system. In short: 
a defined gap is set, being the target setting for this run. If variations in powders 
uniformity and/or actual local apparent density occur during the material throughput, this 
is detected by the internal instrumentation. The software correlates auger speeds and 
torques variations deriving from density changes to allow the variable gap to open or 
close via the movable slave roll just as long and wide enough to compensate. While this 
happens, the applied compaction force remains constant. Consequently, highly uniform 
ribbons in terms of porosity derive from this highly controlled process with minimal gap 
variation (Shlieout et al., 2002). 
High variability in local powder density of approx 20% can be reduced to approx 1% gap 
variation (and therefore homogeneous porosity) by a variable gap system, whereas 
constant gap systems generate significantly higher porosity variations (10-15%). 
Moreover, the variable gap offers the advantage of minimized loss during the startup 
process (Bultmann, 2002). 
  
 
Torque Control 
Especially to process powders with highly varying bulk density into homogenous 
ribbons, the torque control mode is a viable option. This automated mode keeps the 
torque of the feeding auger at defined, constant level. Powder density variations can be 
compensated to a certain extend by adaption of the feeding auger speed.  
While passing the powders to the tamping auger, a small but constant pre-densification 
of the powders might improve the powder density uniformity and therefore further 
processing. 
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Side Sealing 
Whenever powders are to be compressed between two tools, it tries to get away from 
the zone of maximum compression to an area of lower pressure applied. For roller 
compaction this would mean a loss of material as well as manufacture of 
inhomogeneous ribbons (principle schemes, not true to scale): 
 
 
             side view                                                                                      top view 
Picture 10: RC Sealing Scheme  
Regarding the tabletting process, the powders cannot get away from the space between 
the punches due to the die wall. For the roller compaction process, comparable 
solutions were established. Commonly used is the heart plate system with plates at both 
sides of the rolls:  
heart plate
master roll
gap
slave roll
 
Picture 11: RC Sealing Scheme (2) 
powder 
roll
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The plates are usually manufactured from plastic materials (or sandwich constructions 
with plastic materials as top layer) to avoid metal filings due to their close contact to the 
moving rolls. Consequently the plates suffer from the high pressure in the nip zone by 
imprints, their sealing function is reduced over time and the deriving ribbons exhibit 
porosity variations in a sectional view. 
 
A technique to overcome the drawbacks of sealing plates is the rim roll sealing 
approach that Gerteis uses efficiently. Here two circular rims are part of the master roll 
and prevent the powders from escaping the nip area. As a result, the metal sealing is 
long-term deformation resistant and the deriving ribbons are relatively uniform 
concerning their porosity.  
 
rim roll sealing
master roll slave roll
gap  
Picture 12: RC Sealing Scheme (3) 
A drawback of the rim-roll approach is an increased ribbon’s tendency to stick to the 
rolls, namely to the master roll with the rims, due to wall friction. This issue can be 
solved by an efficient scraper design. 
 
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  1. Introduction 
Jochen Farrenkopf  Page 25 
 
Scraper 
The ribbons can stick to the master roll. One mechanism is layering of the powder onto 
the rolls surface after passing the gap. Using formulations with adequate amounts of 
lubricant like magnesium stearate can reduce this tendency. Another observation while 
using a rim roll sealing is re-expansion of the ribbon after maximal densification: the 
ribbon is keyed in.  
In both cases, a separation of the ribbon from the roll is required – using the so-called 
scraper. This sharp-edged tool is placed closely to the master rolls surface and strips 
the ribbon from the roll. Thus, the gap width is defined by the distance between the rolls, 
without alteration by layered material. 
 
 
no scraper
⇒ layering
scraper
⇒ no layering
 
 
Picture 13: Scraper Scheme  
 
 
Surface of the Rolls 
As a standard, the roll surface is even and polished. This facilitates removing the 
ribbons by the scraper, but often has a negative impact on draw-in of the powders into 
the gap. This issue can be overcome by diagonally notched rolls, so called knurled rolls, 
generating knurled ribbons: 
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Picture 14: Ribbons generated from even Rolls  
 
 
 
Picture 15: Ribbons generated from knurled Rolls  
 
 
 
1.2.5 Gerteis Granulator 
The roller compaction process generates ribbons as intermediates. Therefore a milling 
step has to be conducted on the way to tablets as final dosage form, either by an 
external mill (e.g., Comil, Frewitt, etc.) or by an internal granulator.  
 
As an example, please refer to an illustrated picture of the Gerteis granulator in 2.4, 
mainly consisting of a moving rotor and a fixed sieve. Several types of rotors and sieves 
are available to serve the required purpose.  
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2. Excipients, Equipment and General Methods 
2.1 Excipients 
2.1.1 Excipients List 
Overview of the chosen excipients: 
 
Excipient Trade Name / Grade Manufacturer 
Microcrystalline cellulose Avicel PH 101, PH 200 Interorgana, 50668 Köln, 
Germany  
Lactose  Tablettose 70 Meggle, 83512 
Wasserburg, Germany 
Mannitol Pearlitol 200 Roquette Frères, 62080 
Lestrem, France  
Pregelatinized starch Cerestar 93000 Cerestar, 47809 Krefeld, 
Germany 
Magnesium stearate (vegetable grade) Peter Greven GmbH & 
Co. KG, D-53902 Bad 
Münstereifel, Germany 
Polyethylene glycol  PEG 1500, PEG 4000 Merck KgaA, 64293 
Darmstadt, Germany 
Polyvinylpyrrolidone Kollidon 30 BASF Aktiengesellschaft, 
D-67056 Ludwigshafen, 
Germany 
PVP/VA copolymer Kollidon VA 64 BASF Aktiengesellschaft, 
D-67056 Ludwigshafen, 
Germany 
Hydroxypropyl cellulose Klucel EXF Aqualon (Division of 
Hercules Incorporated),  
Wilmington, DE 19894-
0001, USA  
 
Table 1: Excipients List 
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2.1.2 Excipients physical Properties 
Physical properties of chosen excipients (data from Rowe et al., 2006):  
 
Properties Avicel grades Tablettose 70 Cerestar 
93000 
Pearlitol SD 
200 
Magnesium 
stearate 
Solubility 
slightly soluble in 
5% w/v NaOH 
solution; practically 
insoluble in water, 
dilute acids, most 
org. solvents 
soluble in water 
(1 in 4.6); pract. 
insoluble in 
chloroform, 
ethanol, ether 
practically 
insoluble in 
org. solvents; 
slightly soluble 
in cold water 
Water solubility 
at 20°C =  
17g / 100ml 
insoluble in 
ethanol, ether 
and water; 
slightly soluble 
in ethanol 95%
Molecular 
Weight 
~ 36000 Da ~ 360 Da 
~ 500.000 - 
1.500.000 Da 
~ 182 Da ~ 591 Da 
Empirical 
Formula 
(C6H10O5)n  
 n ~ 220 
C12H22O11 
(C6H10O5)n  
n = 300-1000 
C6H14O6 C36H70MgO4 
Density (true) 1.51-1.66 g/cm3 ∼ 1.54 g/cm3 ∼ 1.52 g/cm3 ∼ 1.51 g/cm3 ∼ 1.09 g/cm3 
Melting Range 260-270 °C 201-202 °C N/A 166 - 168 °C 126-130 °C 
Hygroscopicity medium low medium low low 
Description 
white, odorless, 
tasteless, 
crystalline powder 
composed of 
porous particles 
white to off-white 
crystalline 
powder;  
odorless and 
slightly sweet-
tasting 
moderately 
coarse to fine, 
white to off-
white colored 
powder; 
odorless 
white, 
odorless, 
crystalline 
powder; sweet 
taste 
very fine, light 
white powder; 
greasy to the 
touch 
Structure fibres spherical irregular spherical fibres, flakes 
Table 2: Physical properties of chosen excipients (1) 
 
 
The particle size distributions were established using a Malvern Mastersizer. For 
equipment and settings details, please refer to 2.2. 
 
Properties Avicel  PH 101 
Avicel  
PH 200 
Tablettose 
70 
Cerestar 
93000 
Pearlitol  
SD 200 
d10 25 79 36 16 64 
d50 70 207 111 38 129 
d90 164 389 228 137 215 
Table 3: Excipients PSDs 
 
For SEM pictures of Avicel PH 101 and PH 200 please refer to page 35. The fibre-like 
structure of Avicel 101 is also described by Inghelbrecht and Remon, 1998b. 
For bulk and tapped density of the excipients please refer to page 146, for the flow 
properties to page 147. 
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Physical properties data of chosen dry binders from Rowe et al., 2006. 
 
Properties PEG 1500 PEG 4000 Kollidon 30 Kollidon  
VA 64 
Klucel EXF 
Solubility 
soluble in water, 
ethanol, acetone, 
methanol, CHCl2 
soluble in water, 
ethanol, acetone, 
methanol, CHCl2 
soluble in acids, 
water, chloroform, 
ethanol, methanol 
soluble in water, 
glycerine, 
methylen chloride  
soluble in many 
organic solvents; 
water < 38 °C 
Molecular 
weight 
1500 Da ±200 4000 Da ± 500 
49000 Da  
± 5000 
60000 Da  
± 15000 80000 Da 
Empirical 
Formula 
HOCH2(CH2OC
H2)nCH2OH 
n ~ 33 
HOCH2(CH2OC
H2)nCH2OH 
n ~ 90 
(C6H9NO)n 
n ~ 450 
(C6H9NO)n·(C4H
6O2)m  (111.1)n 
+ (86.1)m 
refer to Formula 
8; R is H or 
[CH2CH(CH3)O]mH 
Particle size 
 
internally milled: 
d50 ~ 216 µm 
d50 ~ 100 µm d50 ~ 100 µm 
15 % < 50 µm, 
1-2 % > 250 µm ≥ 80% < 150 µm 
Density (true) ∼1.2 g/cm3 ∼1.2 g/ cm3 ∼ 1.18 g/cm3 ∼1.2 g/ cm3 ∼ 1.22 g/cm3 
Melting range 44 - 48 °C 50 - 58 °C ∼ 150 °C   ∼ 140 °C 130 °C 
Hygroscopicity none none high medium high 
Table 4: Physical properties of chosen excipients (2) 
 
 
2.1.3 Chemical Structures 
The chemical structures are taken from Rowe et al., 2006. 
 
 
Formula 1: Microcrystalline cellulose (Avicel PH 101, PH 200) 
 
 
 
Formula 2: Lactose (Tablettose 70) 
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Formula 3: Mannitol (Pearlitol 200) 
 
 
 
 
Formula 4: Pregelatinized starch (Cerestar 93000) 
 
 
 
 
Formula 5: Polyethylene glycol (PEG 1500, PEG 4000) 
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Formula 6: Polyvinylpyrrolidone (Kollidon 30) 
 
 
 
Formula 7: PVP/VA copolymer (Kollidon VA 64) 
 
 
 
Formula 8: Hydroxypropyl cellulose (Klucel EXF) 
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2.2 Equipment List and Standard Set-Up 
 
Equipment  Type Manufacturer Standard Set-Up 
Bin blender PM 400 L. B. Bohle GmbH, 
59320 Ennigerloh, 
Germany  
- 10 min duration 
- 6 rpm 
Blending 
Container 
bin, 70 l Müller GmbH, 
79681 Rheinfelden, 
Germany 
- N/A 
Roller 
Compactor 
MINI-PACTOR 
M1089 
Gerteis AG, 8645 
Jona, Switzerland 
- compaction force 3 kN/cm 
- gap 2,5 mm 
- agitator speed 30 rpm 
- roller speed 4 rpm 
- gap control on 
- torque control off 
- rim roll sealing 
- knurled roll surface (both 
rolls) 
Mill 197 (0968) Comil;  
Vendor: ITE GmbH 
& Co KG, 31008 
Elze, Germany 
- serrated rotor  
- 700 rpm milling speed 
- high distance rotor/sieve 
- grate sieve type 
- for details refer to 3.1 
Mill GLA_ORV Frewitt SA, 1763 
Granges-Paccot, 
CH-1706 Fribourg 
- oscillating rotor movement 
- standard rotor type 
- average rotor circumference 
speed 19.4 cm/s  
- mesh sieve type (round wire) 
- for details refer to 3.2 
Mill granulator Gerteis AG, 8645 
Jona, Switzerland 
- screen size 1 mm 
- mesh sieve type with round 
wire lengthwise and square 
shaped wire crosswise 
- pocket moulded rotor type 
- rotor speed 30 rpm 
- oscillating rotor movement 
- rotor rotational angle 270° L / 
360° R 
- distance rotor/sieve 1 mm 
- for details refer to 2.4 
Tablet Press Piccola rotary 
press 
Riva Europe Ltd., 
Aldershot, 
Hampshire GU 113 
ST, UK  
- 10 punches (fully equipped) 
- tablet press speed setting 4 
[settings 1 … 10] = 18 rpm 
- filling cam speed setting 4 
[settings 1 … 10] = 20 rpm 
- 6 mm lense shaped tooling 
- arch radius 6 mm 
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Equipment  Type Manufacturer Standard Set-Up 
- 2 x 0.78 mm arch height 
- tablet targets 100 mg weight 
Tabletting Data 
Evaluation 
Device 
PMA3 
 
Korsch AG, 13509 
Berlin, Germany 
N/A 
Sieve Analysis Analysette 3 
PRO 
Fritsch GmbH,   
D-55743 Idar-
Oberstein, Germany
- for details refer to 3.4.4 
Laboratory 
Sample Splitter 
PT 100, vibrator 
feeding unit 
DR100 
Retsch Technology 
GmbH, 42781 
Hahn, Germany 
- for details refer to 3.4.4 
Texture Analyzer 
 
(for description 
and pictures 
please refer to 
page 142) 
HDi 
 
 
Stable Micro 
Systems Ltd., 
Godalming, Surrey, 
UK 
 
- software version 2.61  
- minimal hold time 100 ms 
- maximal speed 5 mm/s 
 
Powder compression 
- 1 mm/s speed (up and down) 
- 500 kg load cell 
- hold time 5 s              
- maximal force 4500 N  
 
Crushing strength of the ribbons: 
- 1 mm/s speed (up and down) 
- 50 kg load cell 
- sensitivity of detection 0.01 N   
Disintegration 
Tester 
Erweka ZT 72 ERWEKA GmbH, 
Ottostrasse 20-22, 
63150 Heusen-
stamm, Germany 
settings according to European 
Pharmacopoeia, Supplement 5.7; 
2007 and United States Pharma-
copeia - National Formulary, 
USP30-NF25; 2007 
Friability Tester Pharmatest 
PTF-E 
Pharma Test 
Apparatebau 
GmbH, 
Siemensstrasse 5, 
63512 Hainburg, 
Germany 
settings according to European 
Pharmacopoeia, Supplement 5.7; 
2007 and United States Pharma-
copeia - National Formulary, 
USP30-NF25; 2007 
Table 5: Equipment List 
 
All equipment is calibrated (load cells, distances, blend times, rpm, sieve screen mesh 
widths, angles, speeds, etc). 
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2.3 General Methods 
2.3.1 Powder Flow  
Determining flowability of the granules, a compendial method was used (European 
Pharmacopoeia, Supplement 5.7. 2007; 2.9.16. Flowability, 2.: using a glass funnel). 
Dimensions in millimeters. 
 
Picture 16: Powder Flow Funnel 
Test parameters:  
- outflow time: outflow duration of 100 g powder material 
- angle of repose: elevation angle of the powder on a round plate, 100 mm diameter  
- free flowing granules or manually forced flow 
- 3 independent trials per sample. 
 
 
 
Table 6 shows the flow properties correlation with the angle of repose, as described in 
Ph. Eur. and USP: 
Flow Property Angle of Repose  
Excellent 25°- 30° 
Good 31°- 35° 
Fair (aid not needed) 36°- 40° 
Passable (may hang up) 41°- 45° 
Poor (must agitate, vibrate) 46°- 55° 
Very poor 56°- 65° 
Very, very poor > 66° 
Table 6: Powder Flow Rating – Funnel 
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In addition the Hausner ratio is considered, as described in chapter 1174 of the United 
States Pharmacopeia – National Formulary, USP30-NF25; 2007 and in the European 
Pharmacopoeia, Supplement 5.7; 2007, chapter 2.9.36. 
 
The Hausner ratio is calculated using measured density values as follows: divide bulk 
density by tapped density.  
  
Table 7shows the flow properties correlation with the Hausner ratio: 
 
Flow Property Hausner Ratio 
Excellent 1.00 - 1.11 
Good 1.12 - 1.18 
Fair  1.19 - 1.25 
Passable  1.26 - 1.34 
Poor  1.35 - 1.45 
Very poor 1.46 - 1.59 
Very, very poor >1.60 
Table 7: Powder Flow Rating – Hausner Ratio 
 
 
2.3.2 Environmental Conditions 
All tests were performed under controlled conditions (temperature 20 °C +/- 2 °C, 
relative humidity 50% +/- 10%) in the pilot plant solid dosage forms, Abbott GmbH & Co. 
KG Ludwigshafen, Germany. All excipients, intermediates and products were processed 
and stored under these conditions.  
Keeping relative humidity in a defined range is important due to its impact on the 
deriving ribbons mechanical strength (Gupta et al., 2005). 
 
 
2.3.3 Model Formulation  
Reference substance for these trials is microcrystalline cellulose, the most commonly 
used filler/binder for roller compaction; MCC type Avicel PH 101 was chosen.  
A relatively low amount of 0.25% magnesium stearate is added as lubricant (He et al., 
2007 and Sun, 2008, state the strong impact of lubrication on the compressibility of RC 
fines). 
However, up to 5% magnesium stearate is used for RC of very adhesive herbal extracts 
(von Eggelkraut-Gottanka et al., 2002). 
 
Picture 17 and Picture 18 (from the manufacturer) show SEMs of Avicel Ph 101 and for 
size comparison, of Avicel PH 200. The size bar displays 100 µm.  
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Picture 17: SEM Avicel PH 101 
 
 
Picture 18: SEM Avicel PH 200 
With its prominent plastic performance and the limited brittle and elastic properties, 
microcrystalline cellulose fulfills several requirements that are crucial for multi-
compressible excipients. The low particle size of the selected MCC type Avicel PH 101 
(refer to 2.1.2 for PSD data) is the reason for its relatively poor flow properties, but in 
contrast to direct tabletting this is not a general drawback for roller compaction. The 
benefit of the small particles is their high interparticular binding capability (see 4.6.1 and 
Hwang and Peck, 2001). 
Please refer to Table 95 on page 147 for the flow properties of the unprocessed primary 
particles.  
Other formulations are chosen for the evaluation of dry binders in chapter 4.5 and for 
the compression studies in chapter 4.6.  
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2.4 Gerteis Granulator – Variables 
The Gerteis Granulator is a milling device integrated into the Gerteis MINI-PACTOR. If 
required, it can be driven independently, but it simplifies and accelerates the process if it 
is used for in-line milling during roller compaction. 
In addition, integration of the milling device reduces dust exposure and facilitates 
material handling and transportation. 
 
sieve
sieve cage
granulator housing
rotor
pre-breakers
rotor/sieve distance adjustment 
 
Picture 19: Gerteis Granulator  
The ribbon is formed vertically above the granulator. Reaching the granulator level, 
ribbon parts are transported by the rotor and forced by it through the sieve. Ideally this 
passage happens relatively fast, so that prominently milling of the ribbons is performed 
rather by cutting than by abrasion.  
 
 
 
2.4.1 Rotor Types 
Currently two rotor types are available for the Gerteis granulator: the star shaped rotor 
(Picture 20) and the pocket-moulded rotor (Picture 21). 
 
Picture 20: Gerteis Star Shaped Rotor  
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Picture 21: Gerteis Pocket Moulded Rotor  
With the same speed setting the star shaped rotor has a higher transport capacity with 
potentially faster material throughput. On the other side the pocket moulded rotor offers 
a more sophisticated transport and milling technique. 
 
To evaluate possible interactions, both rotors types were compared with several sieves 
and machine settings.  
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2.4.2 Sieves 
Different sieve types can be used with the Gerteis granulator. For the trials, besides the 
commonly used mesh sieves also a Conidur sieve was used. This sieve type has a 
special asymmetric geometry that could be beneficial in the reduction of fine particles. 
As a drawback, it is only feasible for continuous rotor movement into its aperture 
direction, with potential lower mass throughput or material holdup. 
 
 
Picture 22: Mesh Type Sieve  
 
 
 
 
Picture 23: Conidur Type Sieve  
 
Moving directions 
of the rotor 
Moving direction 
of the rotor 
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The following sieves were investigated: 
 
Factors: Sieve type  Levels: Sieve screen size 
Conidur sieve - 1.0 mm 
  Mesh sieve 
(round wire lengthwise and 
square shaped wire crosswise) 
- 1.0 mm 
- 1.25 mm (used as standard) 
- 1.5 mm 
- 2.0 mm 
Table 8: Sieves Overview for Gerteis 
 
 
2.4.3 Distance Rotor/Sieve  
The distance between moving rotor and static sieve can be varied. It can be expected 
that this distance has an impact on the resulting amount of fines, potentially correlated 
to the screen width. The standard setting was 1.0 mm distance. 
Rotor/sieve distances of 0.5 mm, 1 mm and 2.0 mm were evaluated for the trials in 
combination with a 1 mm mesh sieve.  
 
 
 
2.4.4 Rotational Angle 
The rotor speed can be chosen between 0 - 180 rpm in both directions, either 
continuously in one direction or oscillating with a rotational angle from 0 - 720°.  
As a standard set-up based on previous trials a 270°/360° was chosen (= 270° in 
clockwise / 360° in counter clockwise direction).  
For optimization purposes, the following settings were compared: 0 (continuously in one 
direction), 120°/125°, 150°/180°, 270°/360°. The milling area, drives and rotors are 
designed symmetrically, so there is no impact from the starting direction on the granules 
to be expected. An overlap of the rotational angles is desired, as it allows a moving 
turning point (refer to Figure 2 on page 47 for rotor oscillation speed analysis). 
 
 
 
2.4.5 Milling Lead Time 
The set-up of the trials has to be thoroughly determined and carried out in a 
standardized way to allow direct comparison of the results. One of the fixed parameters 
is the lead time for milling of 3 min. This means that the first sample is taken after milling 
duration of 3 minutes. That relatively short period allows a fairly steady mass flow of 
incoming ribbons and milled material and therefore a representative sample.  
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For evaluation of the granulators rotary angle with the new granulator sieve housing 
(see 2.4.6) a prolonged lead time of 10 min was chosen to be on the safe side of steady 
state conditions (Bultmann, 2002). 
 
 
 
2.4.6 New Sieve Housing 
In early 2005, a new Gerteis granulator unit was available. Main difference is the newly 
created, simplified sieve housing section that allows faster – and even more important – 
reproducible assembly and set-up.  
Also the rotor/sieve distance can now be set easily and reliable by an eccentric insert.  
 
 
Picture 24: Gerteis Standard / New Sieve Housing  
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3. Process / Analytical Method Evaluation 
3.1 Milling: Comil 197 
3.1.1 Overview Comil Type 197 (0968) 
 
Picture 25: Comil 197  
Picture from manufacturer. Optimized equipment set-up based on results of initial trials 
(not mentioned here):  
 
Parameter Setting 
Rotor type: Serrated. 
Initial trials showed advantages compared to the flat rotor, resulting in 
less fines. 
Milling 
Speed: 
Low rotational speeds proved to be beneficial compared to higher 
speeds in terms of lower amount of fines. Consequently the lab size 
Comil was adapted to lower speeds by the manufacturer for the trials. 
The resulting lower typical speed of approx. 700 rpm is an 
improvement. However, there might still be potential for optimization by 
further speed reduction.  
Distance 
Rotor/Sieve: 
High distance. 
Less fines appeared in absence of discs to achieve maximum 
distance. 
Sieve Type: Grate. 
The use of grate sieves leads to less fines compared to round hole or 
square hole perforation type sieves. The grates were rather blunt. 
Table 9: Comil Settings 
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Picture 26: Comil flat and serrated Rotors  
 
 
 
Picture 27: Comil round hole Type Sieve  
 
 
 
Picture 28: Comil grate Type Sieve  
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3.1.2 Speed Control 
By internal modification the rotational speed of the Comil was reduced. The machine 
settings and the resulting rotational speeds are listed below (idle running, calculated for 
upper, maximum diameter of conical sieve construction): 
 
Display Comil 
[%] 
Rotational 
Speed [rpm] 
average rotor circum-
ference speed, [cm/s] 
0 678 390 
10 712 410 
15 825 475 
20 941 542 
30 1226 706 
40 1390 800 
50 1579 909 
60 1776 1022 
70 2001 1152 
80 2296 1322 
90 2513 1447 
100 2590 1491 
Table 10: Comil Speed Control 
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Figure 1: Comil Speed Control 
Machine settings below 10% (approx. 700 rpm idle running) were not used in order to 
guarantee reproducible machine speed: all applied settings derive from the linear rising 
part of the graph. 
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3.2 Milling: Frewitt GLA_ORV 
 
3.2.1 Overview Frewitt mill Type GLA_ORV  
 
 
Picture 29: Frewitt GLA_ORV  
 (Picture from manufacturer) 
 
 
Parameter Setting 
Rotor type: Standard (no alternative rotor available) 
Milling Speed: Generally low machine speed of this equipment type. Speed 
adjusted to the low level “3” at a possible range from 0 - 10. 
This leads to 90 oscillations per minute, resulting in a 
maximal rotor circumference speed of 31.2 cm/s and an 
average rotor circumference speed of 19.4 cm/s (data 
generated by integration). 
Distance Rotor/Sieve: Fixed distance (no alternative set-up possible) 
Sieve Screen Width: 1.25 mm as standard 
Sieve Type: Mesh sieve with round wire. 
Table 11: Frewitt Settings 
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Picture 30: Frewitt Sieve Detail 
 
 
 
3.2.2 Speed Control 
The rotor (diameter 80 mm) moves in an oscillating way, so the resulting rotor 
circumference speed varies between zero and a maximum speed at the respective 
machine setting. Consequently, the average circumference speed is calculated by 
integration to enable comparison with the other milling devices. 
 
The machine settings and the resulting speeds are listed below (idle running): 
 
Machine Setting Oscillating Speed 
[min-1] 
Maximal Rotor 
Circumference 
Speed, [cm/s] 
Average Rotor 
Circumference 
Speed, [cm/s] 
1 39 13.5 8.4 
2 65 22.5 14.0 
3 90 31.2 19.4 
4 116 40.2 25.0 
5 142 49.2 30.6 
6 167 57.8 35.9 
7 193 66.8 41.5 
8 219 75.8 47.1 
9 245 84.8 52.7 
10 270 93.5 58.1 
Table 12: Frewitt Speed Control 
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3.3 Milling: Gerteis Granulator 
3.3.1 Overview Gerteis Granulator 
For practical purposes, the minimal rotor speed should be at least high enough to 
guarantee sufficient material throughput and therefore prevent overfilling – a steady 
state process. Typically, rotor speed settings of up to 60 or 75 rpm are used for low to 
mid roll speed settings. 
 
Based on initial trials not listed here, a rotor speed of 30 rpm was chosen as standard 
setting (idle running):  
 
Machine Setting 
 
Oscillating 
Speed 
Maximal Rotor 
Circumference Speed 
Average Rotor 
Circumference Speed
30 rpm 30 rpm 39.3 cm/s 34.6 cm/s 
Table 13: Gerteis Rotor Speed 
 
3.3.2 Speed Control 
The data was generated by video analysis of the oscillating rotor. At the turning point, a 
period of approx. 0.1 s was apparent as the rotor came to a stop. Then it accelerates to 
a maximum circumference speed of 39.3 cm/s. The resulting average circumference 
speed is 34.6 cm/s. 
The interlaced mode of the video camera only generates fragmented still images of the 
motion sequence. This leads to minor timing variations, reducing the resolution to 
approximately 5 rpm at the 30 rpm setting.  
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Figure 2: Gerteis Granulator – Rotor Oscillation Speed 
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3.4 Sieve Analysis  
3.4.1 Objective 
The selected sieve analysis method is commonly used to characterize particle size 
distributions of powders as well as the rather spherical shaped granules derived from 
wet granulation. Upfront to the trials it has to be proven that this technique is also 
applicable to the irregularly shaped granules (Shlieout et al., 2002) prepared by roller 
compaction: more or less rigid and massive ribbons are pressed through a fixed screen. 
Granules manufactured this way could exhibit different properties than more spherical 
particles.  
 
 
3.4.2 SEM Pictures of Granules derived from Roller Compaction 
Looking at the granules surface is crucial while thinking about verification of the sieving 
conditions. Consequently a series of SEMs was prepared: granules derived from roller 
compaction, manufactured at low vs. high compaction force, depicting fine and coarse 
particles. The material under evaluation is the standard formulation, based on 
microcrystalline cellulose, type Avicel PH 101. 
 
 
Picture 31: SEM low Compaction Force – Fine Particles < 75 µm  
Picture 31 shows granules intentionally manufactured with low compaction force, small 
particles fraction < 75 µm. The space bar represents 20 µm. The particles are irregular, 
fibre-like shaped – resulting in high probability of the particles to tangle up and to 
negatively impact the fractions flow.  
The space bars represent 20 µm.  
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Picture 32: SEM High Compaction Force – Fine Particles < 75 µm  
The granules in Picture 32 were manufactured applying a relatively high compaction 
force of 6 kN/cm. Again looking into the fraction < 75 µm, the particle shape is rather 
spherical (and less irregular than for the low compaction force above). Tangling up 
tendencies are assumed to be less prominent.  
 
 
 
 
Picture 33: SEM Low Compaction Force – Coarse Particles > 500 µm  
In Picture 33 the coarse particle fraction > 500 µm is depicted, the space bar represents 
20 µm. The primary particles of the granule are arranged rather lightly, indicating low 
porosity: only a low compaction force of 2 kN/cm was applied. The particle shape is 
rather spherical.  
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Picture 34: SEM High Compaction Force – Coarse Particles > 500 µm  
 
The space bar in Picture 34 represents 100 µm. Compared to the SEM picture above, 
here the granules density is obviously increased due to the higher compaction force. 
Nevertheless, for the larger particle size fraction > 500 µm, the visual differentiation of 
particle shape between low and high compaction force is less evident (compared to the 
small particles), as the particles exhibit spherical shape.  
 
As a summary, the shape especially of fine particles deriving from roller compaction at 
low compaction force has the potential to cause flow limitations. This consequence is 
further evaluated in chapter 4.2 “Granules: Properties of the Fractions”. 
Applying higher compaction force to fines, as well as low and high compaction force to 
coarse particles, leads to rather spherical particles.  
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3.4.3 Sieve Analysis Variables 
 
The feasibility of the sieve analysis and the ideal settings are to be evaluated: 
 
 
Factors Levels 
Sieve Screen Width 
0.1 mm; 0.2 mm; 0.4 mm;  
0.6 mm; 0.8 mm; 1.0 mm 
Duration  
standard: 5 min 
variable: 3 /10 min 
Amplitude 1 mm (fixed) 
Sample Size 
standard: 80 g 
variable: 60 / 100 g 
Table 14: Sieve Analysis Evaluation – Variables 
This investigation is performed to identify critical process parameters. Those process 
parameters strongly impact the outcome of measurements or manufacturing processes, 
and therefore have to be controlled carefully. The intentionally low compacted ribbons 
are known for their high amount of fines after milling, being no general drawback of the 
roller compaction process.  
 
 
 
3.4.4 Sampling Technique 
While running the roller compaction process, samples of approximately 500 g were 
continuously taken and subsequently milled in total. Milling the whole sample avoids 
methodical mistakes by segregation within the sample or non-representative sampling. 
For the sieve analysis, representative samples were generated by using a laboratory 
sample splitter, type Retsch PT 100, with vibrator feeding unit DR100. Sieving was 
conducted by a Fritsch sieve tower, type Analysette 3 PRO. 
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Picture 35: Sample Splitter Retsch PT 100 with Vibrator Feeding Unit DR100  
 (Picture from manufacturer) 
 
 
 
 
Picture 36: Fritsch Sieve Tower, Type Analysette 3 PRO  
 
Unless stated in the respective sections, the data generated for this report derived from 
single, non-repeated trials. The reproducibility of this approach was verified by repeating 
several key trials some weeks later by different operators and receiving comparable 
data, listed where available.  
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3.4.5 Effect of Sample Size 
 
Factors Levels 
Sieve Screen Width 
0.1 mm; 0.2 mm; 0.4 mm; 0.6 mm;  
0.8 mm; 1.0 mm 
Duration 5 min 
Amplitude 1 mm 
Sample Size 
standard: 80 g 
variable: 60 / 100 g 
Table 15: Sieve Analysis Evaluation – Sample Size Variables 
 
Table 16 shows the results of the particle size analysis: 
 Residues [%] 
Sieve Fraction 60 g sample 80 g sample 100 g sample 
< 0.1 mm 47.53 47.22 47.29 
0.1 mm 9.85 10.59 9.99 
0.2 mm 6.09 6.81 6.58 
0.4 mm 5.37 5.88 5.41 
0.6 mm 8.42 8.97 8.11 
0.8 mm 8.81 8.61 8.63 
> 1.0 mm 13.94 11.92 13.98 
Table 16: Sieve Analysis Evaluation – Sample Size Results 
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Table 17: Sieve Analysis Evaluation – Effect of Sample Size 
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Result: 
Variations in sampling size only minimally affect the particle size distribution. The 
medium sampling size of 80 g is chosen for further analysis. 
 
 
 
3.4.6 Effect of Sieving Duration 
 
Factors Levels 
Sieve Screen Width 
0.1 mm; 0.2 mm; 0.4 mm; 
0.6 mm; 0.8 mm; 1.0 mm 
Duration 
standard: 5 min 
variable: 3 / 10 min 
Amplitude 1 mm 
Sample Size 80 g 
Table 18: Sieve Analysis Evaluation – Sieving Duration Variables 
 
 
Table 19 shows the results of the particle size analysis: 
 
 Residues [%] 
Sieve Fraction 3 min 5 min 10 min 
< 0.1 mm 45.35 47.22 49.73 
0.1 mm 10.76 10.59 10.72 
0.2 mm 6.84 6.81 6.54 
0.4 mm 5.65 5.88 5.79 
0.6 mm 8.46 8.97 8.78 
0.8 mm 8.66 8.61 8.35 
> 1.0 mm 14.27 11.92 10.10 
Table 19: Sieve Analysis Evaluation – Sieving Duration Results 
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Figure 3: Sieve Analysis Evaluation – Sieving Duration 
The mechanical interaction of the relatively fragile granules with the vibrating screen 
generates fines and has therefore an impact on the result of the particle size analysis. 
The longer the sieve analysis duration, the more apparent is this effect.  
 
 
 
3.4.7 Conclusion 
The parameters for particle size analysis were assessed, based on standard settings 
internally used for powders and granules derived from wet granulation. It could be 
shown that standard sieve analysis (mesh sieve tower on vibrating plate) is also feasible 
to assess granules derived from roller compaction. The critical process parameters 
were evaluated (e.g. sieving duration) and a standard set-up was defined (see below).  
In addition, adequate sampling and sample preparation technique is very important 
(page 51).  
 
Parameter Standard Settings 
Sieve Screen Width 
0.1 mm; 0.2 mm; 0.4 mm;  
0.6 mm; 0.8 mm; 1.0 mm 
Duration 5 min 
Amplitude 1 mm 
Sample Size 80 g 
Table 20: Sieve Analysis Evaluation – resulting Standard Settings 
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4. Main Experiments 
4.1 Introduction 
It is well known that several parameters affect the roller compaction process and 
therefore the granules properties, e.g. the gap width, the roller sealing type, the 
compaction speed or applying vacuum to the nip area. Inghelbrecht and Remon, 1998c, 
name compression force and tamping auger speed as main parameters. Thus it is 
crucial to set process parameters and to select the utilized equipment carefully in a way 
to minimize the resulting amount of fines.  
 
Inghelbrecht et al., 1997, also state that the compaction force strongly affect the 
ribbons/granules properties. This can be one explanation: 
- milling of high densified ribbons generates low amounts of fine particles, but due to 
their relatively low porosity, they only have reduced potential for the second 
compression step  
- medium densified ribbons show a reasonable compromise between further 
compressibility of the granules and amount of fines  
- low densified ribbons can partially decompose into the excipients primary particles, 
generating (too) many fines during the milling operation. 
 
The improvement of tablets tensile strength by low compaction force is described e.g. 
by Brudy and Bultmann, AAPS Annual Meeting 2004, the reduction in fines (and flow 
rates) by Grulke et al., 2004. Both effects could be reproduced. For this general 
experiment, Avicel 200 was chosen as example compound. Compaction forces of 3 -
 12 kN/cm were applied, the ribbons were milled and a compression force/crushing 
strength diagram prepared:    
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Figure 4: Avicel PH 200 – Compressibility after RC  
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The lowest compaction force setting of 3 kN/cm exhibited most fines, whereas for the 
higher compaction forces the order is here not that obvious: 
 
Avicel PH 200: Particle Size Distributions after 
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Figure 5: Avicel PH 200 – PSDs after RC  
After milling of the ribbons, it is generally preferred to have high amounts of particles in 
the 0.1 - 1 mm range due to their good flow properties. Nevertheless, also fine particles 
< 0.1 mm are generated. Their effect will be evaluated as a part of this work: the particle 
size fractions are assessed for their flow properties as well as the impact of increasing 
portions of fines on the overall granule flow. Also the impact on the subsequent 
tabletting step will be considered.  
Since roller compaction is a dry granulation process and no capillary forces worth 
mentioning are present, it’s mainly the relatively weak van-der-Waals-forces forming the 
ribbons, in addition to mechanical cohesion based on particle size and shape. 
Consequently the necessary milling process has to be conducted sensibly to avoid too 
much de-agglomeration of the ribbons into their primary particles. Several milling 
devices are selected for the trials to evaluate their feasibility. High effort is put into the 
design of the trials, in order to focus on practically relevant parameters for their scientific 
impact. 
The ribbons for the trials were intentionally compacted with a relatively low compression 
force, as the resulting low rigidity (and therefore relatively high amount of fines after 
milling) facilitates the comparison between the milling devices.  
Also important in roller compaction is the selection of adequate excipients. Initially, the 
potential benefit of adding small amounts of dry binders to the standard formulation is 
assessed, in order to reduce the amount of fines derived from a standardized milling 
operation.  
In addition, the compression behavior of several other main excipients is compared, 
pure materials as well as combined with microcrystalline cellulose.  
Thus, the roller compaction suitability is considered by comparing direct tabletting data 
of the excipients with roller compaction followed by tabletting of the ribbons as second 
compression step. Combining this larger scale trials data with the small-scale texture 
analyzer data is the basis for assessing the extend of feasibility prediction. 
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Literature also describes other approaches to reduce fines, not re-evaluated within this 
work: 
- The impact of roller speed at a fixed compaction force is described as an effect of 
dwell time differences by Falzone et al., 1992.  
- Bultmann, 2002, reduced fines and improved flow by multiple compaction of the 
same material. He also demonstrated that in conjunction with the reduction of fines 
there comes a severe negative impact on tablet crushing strength.  
- Gupta et al., 2005, prove higher mechanical strength of the ribbons as consequence 
of increased ambient moisture. 
 
 
 
 
4.2 Granules: Properties of the Fractions 
4.2.1 Objective 
The flow properties of powder blends and wet granulated granules are generally well 
known for decades. Based on the manufacturing principle, their particle shape is 
typically rather spherical. 
As stated by Shlieout et al., 2000, milling of the ribbons generates granules that are 
irregularly shaped. SEM evaluation as described in 3.4.2 lead to the conclusion that this 
is especially valid for low compressed fines. This could have an impact e.g. on the 
resulting flow properties of the different particle size fractions.  
It could be shown in 3.3 that the selected particle size analysis method is applicable to 
wet granulated as well as to roller compacted granules.  
 
However, differently sized particles can exhibit different flow properties – one of the 
major parameters for the handling and processing of granules derived from roller 
compaction, as intermediates on the way to manufacture tablets. The importance of 
understanding the benefits as well as the limitations of the major particle size fractions 
are the driver for an in-depth evaluation of the different fractions and their impact on the 
respective flow properties.  
Here the different particle size fractions are chosen in a typical range of 0.1 - 1.25 mm 
and assessed for their flow properties in terms of outflow time and angle of repose. For 
the method please refer to chapter 2.3.1. 
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4.2.2 Specific Settings / Manufacture of the Granules 
The standard formulation as described in 2.3.3 is used for these trials, in combination 
with the Frewitt mill (refer to 2.2 and 3.2.) 
 
 
4.2.3 Results 
Particle Size Distribution of the Granules 
As expected, the intentionally low compacted ribbons lead to a particle size distribution 
with relatively high amounts of fines: 
 
Sieve Fraction Residues [%] 
< 0.1 mm 48.05 
0,1 mm 10.14 
0.2 mm 11.14 
0.4 mm 15.78 
0.6 mm 10.63 
1.0 mm 3.63 
1.25 mm 0.09 
Table 21: Fractions Flow – PSD 
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Figure 6: Typical PSD 1.25 mm Sieve 
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Flow Properties of the fractionated Granules  
Reasonable handling of powders and granules requires sufficiently flowing material. A 
simple and fast method is chosen to differentiate the flow properties of the fractionated 
granules (refer to 2.3.1).  
 
Sieve Fraction 
 
Outflow Time: 
Average, n=3 [s] 
Outflow Time:  
Min [s] 
Outflow Time:  
Max [s] 
< 0.1 mm (43)* 39 46 
0.1 mm 11 9 12 
0.2 mm 9 9 9 
0.4 mm 10 10 10 
0.6 mm 13 13 13 
0.8 mm 13 12 14 
1.0 mm 16 15 17 
> 1.25 15.7 15 16 
Table 22: Fractions Flow – Outflow time 
 
* The data was generated using manual support to force the granules through the 
funnel, so the flow properties are even worse than reflected by the high outflow time – 
the data can not be directly compared to the values of the free flowing fractions. 
 
Sieve Fraction 
 
Angle of Repose: 
Average, n=3 [ ° ]
Free Flow / man. 
forced Flow 
< 0.1 mm 40.0 man. forced flow 
0.1 mm 35.0 free flow 
0.2 mm 33.8 free flow 
0.4 mm 36.0 free flow 
0.6 mm 36.0 free flow 
0.8 mm 36.0 free flow 
1.0 mm 37.2 free flow 
> 1.25 36.0 free flow 
Table 23: Fractions Flow – Angle of Repose, Free vs. forced Flow 
 
Please refer to 2.3.1 for an overview of the angle of repose ratings.  
For these trials the standard formulation (as described in 2.3.3 and 4.2.2) is used.  
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Figure 7: Fractions – Flow Properties 
The particle size fraction < 0.1 mm had very poor flow properties, indicated by its high 
outflow time requiring manual support, and high angle of repose. 
Especially the fractions 0.1 - 0.4 mm showed good flow properties, on basis of their 
minimal flow time and lowest angle of repose. This data corresponds with the 
investigations of Fassihi and Kanfer, 1986.  
 
The particle size fractions from 0.4 - 1.25 mm were on a comparable level of satisfying 
flow properties, regarding their outflow times and angles of repose.  
It is to consider that those parameters (as described in 2.3.1) are generated by using a 
Ph. Eur. accordant funnel with 9.5 mm inner diameter. Considering the rule of thumb 
that the particles for tabletting should be smaller than 1/10 of the diameter of the 
respective die, interference with particles > 1 mm could modulate their flow data. The 
larger the particles, the higher the interaction with the diameter limitation can be 
assumed: particles can plug up and therefore block the flow partially. This might add to 
the slight increase in outflow time and angle of repose for the fractions 1.0 and 
1.25 mm. 
Nevertheless, this method was chosen intentionally to compare granule flow properties, 
as granules often have to pass small diameters in tablet presses – adequately 
simulated by the funnel method.  
For comparison purposes: the unprocessed primary particles of the standard 
formulation exhibit even worse flow properties (40.5°, 102 s, manually forced; refer to 
Table 95 on page 147).  
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4.2.4 Discussion 
Due to the absence of capillary forces and therefore lack of adhesive bonds in roller 
compaction (leaving minor water content of the excipients aside), milling of the ribbons 
can lead to relatively high amounts of fine particles – the ribbons can partially 
decompose into their primary particles. This is especially evident for these trials as a 
low compaction force was applied during roller compaction to intentionally manufacture 
ribbons of relatively low mechanical strength, resulting in many fines after milling to 
simplify evaluation of the milling devices. Compared to the unprocessed excipients 
particles, these fines are pre-densified by the roller compaction process and could 
therefore exhibit different processability and impact the deriving tablets quality. The 
irregular shape of low compacted fines (as depicted in 3.4.2) strengthens this 
assumption. 
Consequently, the granule flow properties were evaluated, differentiating seven particle 
size fractions in the range of up to 1.25 mm. Please refer to the standard composition 
on page 35.  
It could be shown that especially the fine particles fraction < 0.1 mm exhibits a critical 
combination of high incidence and very poor flow properties. Larger quantities of this 
fraction negatively affect the overall granule flow properties and thus the subsequent 
process steps. However, applying the roller compaction process prove to be a sensible 
choice, as the unprocessed primary particles of the standard formulation exhibit even 
worse flow properties (Table 95).  
In contrast to the fines fraction and the unprocessed excipient, the good flow data of the 
larger particles 0.6 - 1.25 mm should not restrict their processability. Furthermore, the 
best particle flow was obtained from the 0.1 - 0.4 mm fraction.  
 
 
 
 
4.3 Granules: Properties of the Blends  
4.3.1 Objective 
In chapter 4.2 the flow properties of single particle size fractions are evaluated, with 
insufficient results for the particles < 0.1 mm.  
In practice, blends with a broader particle size range are used, often with strongly 
varying distributions. Therefore representative blends with different amounts of fine, 
medium and coarse particles were prepared to simulate a wide range of granule particle 
size distributions, check for their flowability, compressibility and the resulting tablets 
properties. 
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4.3.2 Trial Design / Preparation of the Blends  
To simulate various blends in experimental design, a larger quantity of granules is 
manufactured by roller compaction of the standard formulation with Avicel PH 101 (refer 
to 2.3.3), milling (Frewitt mill GLA-ORV, sieve 1.25 mm) granulation (refer to 2.2) and 
subsequent sieve fractionation: 
 
- fine particles  (0 - 0.1 mm) 
- medium fraction (mf) (0.1 - 1.0 mm) 
- coarse particles  (1.0 - 1.25 mm). 
 
Based on batch size requirements, the fractions are then blended in the fixed mass 
proportions listed below using a tumbling blender, type Turbula 10B (Willy A. Bachofen 
AG, Utengasse 15/17, CH-4005 Basel, Switzerland) and 10 l stainless steel container 
for 5 min at 30 rpm.  
For a typical particle size distribution using the process described above, please refer to 
4.2.3. 
 
 
Overview of the deriving blends (percent values represent mass proportions):  
 
Name 
fines 
(0 - 0.1 mm)
medium fraction
(0.1 - 1.0 mm) 
coarse particles
(1.0 - 1.25 mm)
mf + 60% fines 60 % 40 %  
mf + 45% fines 45 % 55 %  
mf + 30% fines 30 % 70 %  
mf + 15% fines 15 % 85 %  
medium fraction  100 %  
mf + 10% coarse particles  90 % 10 % 
mf + 20% coarse particles  80 % 20 % 
mf + 30% coarse particles  70 % 30 % 
Table 24: Fractions Blends – Overview 
 
The selection of mass proportions is based on the particle size distribution extremes of 
initial milling trials. 
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Resulting particle size distributions (mass %; data calculated):  
 
Sieve 
Fraction 
mf + 
60% 
fines 
mf + 
45% 
fines 
mf + 
30% 
fines 
mf + 
15% 
fines 
medium 
fraction 
(mf) 
mf + 10% 
coarse 
particles
mf + 20% 
coarse 
particles 
mf + 30% 
coarse 
particles
< 0.1 mm 60 45 30 15 0 0 0 0 
0.1-0.2 mm 8.50 11.69 14.88 18.07 21.26 19.14 17.01 14.88 
0.2-0.6 mm 9.34 12.85 16.35 19.86 23.36 21.02 18.69 16.35 
0.6-1 mm 13.24 18.20 23.16 28.13 33.09 29.78 26.47 23.16 
1.0-1.25 mm 8.92 12.26 15.60 18.95 22.29 20.06 17.83 15.60 
1.25-1.4 mm 0 0 0 0 0 9.76 19.52 29.27 
> 1.4 mm 0 0 0 0 0 0.24 0.48 0.73 
Table 25: Re-combined Fractions – PSD 
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Figure 8: Re-combined Blends – PSD  
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4.3.3 Results 
Flow Properties of the Blends 
 
Blend Outflow Time: Average, n=2 
Outflow Time: 
Min 
Outflow Time: 
Max 
mf + 60% fines 41.5 s 39 s 44 s 
mf + 45% fines 23.0 s 23 s 23 s 
mf + 30% fines 23.5 s 19 s 28 s 
mf + 15% fines 7.0 s 7 s 7 s 
medium fraction (mf) 7.5 s 7 s 8 s 
mf + 10% coarse particles 12.0 s 9 s 15 s 
mf + 20% coarse particles 8.0 s 8 s 8 s 
mf + 30% coarse particles 8.5 s 8 s 9 s 
Table 26: Re-combined Blends Flow Properties: Outflow Time 
 
 
Blend Angle of Repose: Average, n=2 
Angle of Repose: 
Min 
Angle of Repose: 
Max 
mf + 60% fines 40.4° 40.0° 40.7° 
mf + 45% fines 39.1° 38.7° 39.4° 
mf + 30% fines 36.6° 36.0° 37.2° 
mf + 15% fines 35.0° 35.0° 35.0° 
medium fraction (mf) 34.2° 34.2° 34.2° 
mf + 10% coarse particles 34.2° 34.2° 34.2° 
mf + 20% coarse particles 33.8° 33.4° 34.2° 
mf + 30% coarse particles 34.2° 34.2° 34.2° 
Table 27: Re-combined Blends Flow Properties: Angle of Repose 
Please refer to 2.3.1 for an overview of the angle of repose ratings.  
 
Blend Trial 1/2:  Free vs. forced Flow 
Trial 2/2:  
Free vs. forced Flow 
mf + 60% fines man. forced flow man. forced flow 
mf + 45% fines man. forced flow man. forced flow 
mf + 30% fines man. forced flow man. forced flow 
mf + 15% fines free flow free flow 
medium fraction (mf) free flow free flow 
mf + 10% coarse particles free flow man. forced flow 
mf + 20% coarse particles free flow free flow 
mf + 30% coarse particles free flow free flow 
Table 28: Re-combined Blend’s Flow Properties: Free vs. forced Flow 
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Figure 9: Re-combined Blends – Flow Properties 
Open symbols in the graph indicate manual support to force the granules through the 
funnel, so actually the flow properties are even worse than reflected by the high outflow 
time – the data can not be directly compared to the values of the free flowing fractions. 
 
The particles < 0.1 mm have a high impact on the flow properties of the deriving blends: 
higher amounts of fines lead to decreased flow properties. This is reflected by high 
angle of repose and high outflow time. In addition, the blends with amounts of fines 
> 15% had to be forced manually through the funnel, indicating an even worse flow.  
This did not occur for the medium fraction and the blends with the coarse particles – 
they exhibited flow properties at a satisfying level, with only minor influence caused by 
the added coarse particles.  
Nevertheless, the even worse flow the unprocessed standard formulation (Table 95 on 
page 147) is improved by roller compaction.  
On the next page, also the Hausner ratio is listed, allowing flow properties description 
by relating tapped and bulk densities. The results are relatively close to the funnel 
method, showing poor to passable flow for 60% fines, passable flow for 45-15% fines, 
fair flow for the medium fraction and excellent flow for 10% coarse particles being 
present in the medium fraction. Increasing coarse particles again reduces the flow 
properties to the USP-classification “good” (refer to Table 7: Powder Flow Rating – 
Hausner Ratio on page 35).  
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  4. Main Experiments 
Jochen Farrenkopf  Page 67 
 
Densities/Volumes of the Blends 
 
Blend 
Bulk 
Density 
[g/cm³] 
Tapped 
Density 
[g/cm³] 
Hausner 
Ratio 
Bulk 
Volume 
[cm³/g] 
Tapped 
Volume 
[cm³/g] 
mf + 60% fines 0.47 0.63 1.34 2.13 1.59 
mf + 45% fines 0.52 0.66 1.27 1.92 1.52 
mf + 30% fines 0.5 0.64 1.28 2 1.56 
mf + 15% fines 0.49 0.63 1.29 2.04 1.6 
medium fraction (mf) 0.42 0.51 1.21 2.38 1.96 
mf + 10% coarse particles 0.49 0.53 1.08 2.04 1.89 
mf + 20% coarse particles 0.46 0.53 1.15 2.17 1.89 
mf + 30% coarse particles 0.48 0.55 1.15 2.08 1.82 
Table 29: Re-combined Blend Fractions – Physical Properties 
The mass per sample was 100 g; the no of taps 1250. 
Proportions in mass %; mf = medium fraction. 
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Figure 10: Re-combined Blends – Densities 
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Bulk and Tapped Volume of the Blends
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Figure 11: Re-combined Blends – Volumes 
 
 
The data of the tapped volume/density represents the blend properties better than the 
bulk data, for the different sample preparation procedures and their influence on the 
deriving volume of the blends gets compensated by defined densification.  
Adding fines to the medium fraction strongly increases the tapped density, whereas the 
absolute amount of the fines seems to be negligible: the tapped density data of the 
blends with 15% / 30% / 45% / 60% of fine particles are at a comparable level. A 
minimum of 15% of fines appears to be filling the gaps between the larger particles of 
the 0.1 - 1 mm fraction, whereas more fines have only little supplementary effect. 
In contrast to that, the tapped density of the medium fraction is significantly lower. As 
mentioned above, it can be expected that the gaps between the larger particles are not 
filled completely. Increasing the amount of coarse particles to the medium fraction only 
has minor impact on the tapped density, resulting in slightly rising values. 
 
For comparison, the tapped volume of the main ingredient of the standard formulation 
(unprocessed Avicel PH 101) is 2.17 cm³/g. 
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Tabletting of the Blends 
For the equipment and general set-up parameters, please refer to chapter 2.2. 
 
Table 30 and Table 31 show further process and IPC data of the resulting tablets: 
 
Blend 
Compr. Force 
[kN], n=20  SD [%]
Tablet 
Mass [mg] 
n=100  SD [%] 
Tablet 
Height 
[mm], n=20 SD [%]
mf + 60% fines 10.57 7.04 100.13 1.11 3.63 0.97 
mf + 45% fines 11.10 7.28 101.11 1.05 3.63 0.89 
mf + 30% fines 10.63 7.04 100.50 1.01 3.63 1.14 
mf + 15% fines 10.68 6.67 100.55 1.07 3.64 1.16 
medium fraction 10.78 6.99 101.00 1.31 3.62 0.85 
mf + 10% coarse  10.59 7.75 100.91 1.60 3.61 1.10 
mf + 20% coarse  10.85 7.5 100.38 1.52 3.62 0.88 
mf + 30% coarse  10.55 8.12 99.73 1.56 3.62 0.83 
Table 30: Re-combined Blend Fractions – Tablet’s Data (1) 
 
Blend Band Height [mm], n=20 
Crushing 
Strenght [N], n=20 SD [%] 
Tensile Strenght 
[N/mm2]. n=20 
mf + 60% fines 2.07 51 14.62 1.74 
mf + 45% fines 2.07 49 12.07 1.67 
mf + 30% fines 2.07 46 11.35 1.57 
mf + 15% fines 2.08 52 11.66 1.77 
medium fraction 2.06 63 9.04 2.16 
mf + 10% coarse 2.05 61 8.42 2.10 
mf + 20% coarse 2.06 59 9.66 2.02 
mf + 30% coarse 2.06 58 9.58 1.98 
Table 31: Re-combined Blend Fractions – Tablet’s Data (2) 
 
Tensile strength calculation of the lense shaped tablets corresponding to Ritschel and 
Bauer-Brandl, 2002. 
Proportions in mass %; mf = medium fraction. 
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4.3.4 Discussion 
As described in 4.2.4, the flow properties of particle size fractions were evaluated, with 
critical results for the fine particles < 0.1 mm. Typically, blends with a broader particle 
size range are used, often with significantly varying distributions. Consequently a total of 
eight practically relevant, representative blends with different amounts of fine, medium 
and coarse particles were prepared (refer to page 63, Table 24: Fractions Blends – 
Overview) to simulate a variety of particle size distributions – in order to check for their 
flowability, compressibility and the resulting tablets properties. 
 
Again, the flow properties of the blends strongly suffered from higher amounts of fines. 
It can be assumed that this is related to their irregular particle shape, as depicted in 
3.4.2. Nevertheless, the results were better than for the unprocessed primary particles 
of the standard formulation (refer to Table 95 on page 147), so applying the roller 
compaction process prove to be a sensible choice. There was further improvement with 
the medium fraction and the blends with the coarse particles – they exhibited flow 
properties at a satisfying level, with only minor influence caused by the added coarse 
particles.  
 
The tablets tensile strengths data, derived from the different blends, are displayed in the 
figure below. The additional p-values are the results of the statistical analysis to 
compare the medium fraction to the other fractions (t-test, double-sided; reference is 
medium fraction). As the model formulation (refer to 2.3.3) and the main process 
parameters are unchanged, differences in tensile strength are based on the behavior of 
the admixed particle size fractions while filling the dies and during compression.  
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Figure 12: Re-combined Blends – Tablets Tensile Strength 
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For compression into tablets, unprocessed excipients < 0.1 mm are generally beneficial 
to achieve high mechanical tablet stability. Here the tablets tensile strength significantly 
suffers from the presence of roller compacted fines. This negative effect is evident for 
blends with 15% of fines, even more with 30% being present. A major reason can be 
expected in the changed particles shape and therefore decreased ability of the pre-
densified fines to flow and align while filling the dies. This particles alignment is also 
limited for the compression phase, when the dies would be homogeneously filled to 
subsequently form a matrix of evenly distributed three-dimensional interparticular 
bindings.  
Surprisingly the alignment effect does not increase with higher amounts of fines, it 
seems to be over-compensated by another: the tablets tensile strength increases for 
blends with 45% and 60% of fines. The combination of higher number of particles 
potential for establishing interparticular bindings now appears to be predominant – 
despite the poor flow. 
He et al., 2007, and Sun, 2008, state the strong impact of lubrication on the fines 
compressibility, so a sensible, low lubrication for RC and adding the additionally 
required amount for tabletting cold help in improving the fines processability. 
 
Overall, the best tensile strength data derived from the medium particle size fraction 
0.1 - 1.0 mm: the wide variety of smaller and larger particles with good flow properties 
easily aligns during filling and compression phase, forming homogeneous and 
mechanically stable tablets. Adding coarse particles to the medium fraction, a 
comparable mechanism can be assumed: the larger particles have very good flow 
properties – but their limited surface area and therefore reduced ability to establish 
interparticular bindings has minor negative impact on the blends compressibility. 
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Figure 13: Re-combined Blends – Tablets Tensile Strength + s rel of Tablet Mass 
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The flow properties of a powder are often used to predict its feasibility for the tabletting 
process, e.g. expressed by the standard deviation of the tablet mass. Generally this 
parameter describes how thoroughly powders can be divided and filled into the dies. 
Rather surprisingly, here the variations are at a low, satisfying level – despite the poor 
flow of some of the blends. Possibly the shear cell could here be a valuable tool for 
further assessment. 
Moreover, the blends with coarse particles admixed display slightly worse results. As an 
assumption displayed in Picture 37, while filling the tabletting die the particles on the 
upper die surface either get stripped off (b) or forced into (a) the die before the 
compression. The larger the particles are, the higher the resulting mass variations.  
 
Die
Wall
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Picture 37: Scheme – Lump Particle stripped off / forced into the Die 
 
This issue becomes particularly evident if the larger particles are part of the tablets API 
portion, as this directly contributes to the resulting content uniformity. Figure 14 shows 
the calculated impact of those single, solid API particles (so-called lumps) on an active 
formulation of different dose strengths.  
 
Several assumptions have to be drawn to simplify the model calculation:  
- considered doses strengths of active single dose tablets: 0.5 - 80 mg 
- one single lump particle added to tablet of ideal mass and API content 
- assumed lumps properties:  
o 600 µm and 1000 µm 
o true density 1.5 g/cm³ 
o spherical shape 
o lumps consist of pure API. 
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Impact of Lump Presence on Tablets Relative Mass Variation [%]
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Figure 14: Impact of Lump Presence on Tablets Relative Mass Variation 
 
The graphs visibly increase with decreasing dose strength: the lower the theoretical API 
content, the higher the impact of API lumps. This effect progresses with growing lumps 
size; consequence: increasing issues with mass and (even more critical) with content 
uniformity.  
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Looking at Figure 13 it seems to be beneficial to have a certain amount of fines (from a 
mass uniformity standpoint), but again this is in contrast to the flow properties of the 
blends. It is more likely that the tablet mass variations of the blends are based on their 
density differences: the higher tapped density of the blends containing fines (approx 
increase: 20%; see 4.3.3) facilitates the tabletting process, the lower punch has to cover 
a shorter distance, only a smaller die volume has to be filled consistently.  
The tapped density data of the different blends allows an interesting view on the 
fractions interaction: adding fines to the medium fraction strongly increases their tapped 
density, whereas the absolute amount of the fines seems to be negligible: the tapped 
density data of the blends with 15% - 60% of fine particles are at a comparable level. 
Already the presence of 15% fines appears to be filling the cavities between the larger 
particles of the medium fraction 0.1 - 1 mm, whereas more fines have only little 
supplementary effect. The tapped density of the medium fraction is significantly lower, 
leading to the assumption that the space between the larger particles is not filled 
completely. Admixing coarse particles to the medium fraction only slightly increases 
tapped density – it can be assumed that the capacity of the cavities are here smaller 
than for the fines/medium fractions interactions. Consequently, the less dense blends 
(medium fraction and coarse particles added) have more difficulty in filling a larger die 
volume in the same, narrow timeframe. 
 
This assumption corresponds with the tapped volume data: 
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Figure 15: Re-combined Blends – Tablets Tensile Strength + Tapped Volumes 
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Consequently, the tablet mass variations in this case are not directly related to the 
respective blends flow properties. Apart from the assumptions mentioned above, 
differences are also equalized by the highly efficient filling cam system of the rotary 
press. This is supported by comparable results obtained in additional trials at higher and 
lower tabletting speeds with no impact on the tablets mass variations.   
As described by Sinka et al., 2004, there are mainly two mechanisms to fill powders by 
a rotary press: by gravity as well as by force-feeding. Within the process parameters 
assessed in the trials, the gravity effect of the filling process for a modern rotary press 
seems to negligible – the powders are more forced homogeneously into the die, 
supported by centrifugal forces. Picture 38 shows the general set-up: 
 
 
Picture 38: Rotary Press Feed Frame and Die Table Scheme (Sinka et al., 2004)  
 
Wu et al., 2003, visualized the filling process as follows: 
 
Picture 39: Powder Flow Scheme (Wu et al., 2003)  
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They differentiated the initial nose flow and subsequent bulk flow: 
 
 
Picture 40: Powder Flow Scheme (Wu et al., 2003) (2) 
 
Again, this model describes the extremely slow, mainly gravity based filling process of a 
single punch tablet press. The influence of the entrapped air can be seen, once the tip 
of the nose moves over the cavity. Only limited comparability to a modern rotary tablet 
press can be assumed: its high performance fill cam forces the powders into the dies 
and is therefore to a certain extend less dependent on sub-optimal powder properties 
(poor flow, variations in powder density, etc). 
 
Within the trials of this study, the practical approach of a modern rotary speed press 
was more relevant than the single benefit of getting more powder flow data indirectly by 
a (less effective) simple gravity fed tablet press. The flow properties were already 
evaluated directly from the single fractions in 4.2 as well as from the deriving blends. 
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In Figure 16, the tablets tensile strengths derived from the different blends; the 
additional line represents the standard deviation of the respective tablets crushing 
strengths:  
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Figure 16: Re-combined Blends – Tablets Tensile Strength + SD Crushing Strength 
 
As described above, the tablet mass variations did not reflect the blends flow properties. 
Looking at the crushing strength variations, this seems to be a better method within the 
general conditions of these trials: it differentiates the blends with good flow properties 
(medium fraction, low amounts of coarse particles added) from the blends with 
acceptable flow (higher amounts of coarse particles) and poor flow (increasing amounts 
of fine particles). 
Therefore, the standard deviation of the tablets crushing strength seems to be a valid 
method to draw conclusion from variations in the tabletting process to the flow 
properties of the powders used. 
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Figure 17:  Re-combined Blends – Flow Properties of the Blends and Tablets Tensile Strength 
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Figure 18:  Re-combined Blends – Flow Properties of the Blends and Tablets Tensile Strength 
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Outflow time and angle of repose obviously don’t seem to correlate to the respective 
tensile strengths of the different blends, but they correlate quite well to SD. Not 
displayed in Figure 17 and Figure 18 above is the limited comparability of the 
30/45/60% fines data: they were not passing the funnel freely flowing (indicated by the 
open signs), but had to be forced through it – actually their graphs would need to be 
infinitely high. Therefore the reliability of this method  is limited.  
For further assessment, shear cell data could be better suited, but was not available at 
the time of data evaluation.   
 
 
Generally the percolation theory is applied in natural sciences to describe unexpected 
material property changes, such as phase changes, at a percolation threshold. Among 
other applications, the percolation theory is used to calculate the required amount of 
disintegrant in a tablet formulation. The underlying assumption is that exceeding a 
certain proportion, the smaller disintegrant particles establish a coherent network to 
optimize water access and therefore disintegrant efficiency.  
For simplification purposes it assumes spherical (granule) particles as tablet 
formulation, which have to be layered with a monomolecular layer of the (also spherical) 
disintegrant. In theory, the result would be a double-layer of disintegrant between the 
granules. In the following equation the practically relevant minimum amount of 
disintegrant is calculated – just enough to form a single layer between the granules 
(Ritschel and Bauer-Brandl, 2002, p120):  
 
 
 
Q:   calculated amount of disintegrant [%] 
d1, d2:  true densities of disintegrant and tablet formulation [g/cm³] 
D1, D2:  particle diameter of disintegrant and tablet formulation [µm]. 
 
Adapting the network theory to the fine/medium/coarse particles placebo studies, the 
amount of fines as single layer could be calculated with the equation above. It can be 
simplified, as the different fractions derive from the same formulation and have therefore 
identical true densities: 
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Luginbühl and Leuenberger, 1994, describe the percolation theory as follows: 
- Up to a certain concentration only isolated clusters within the tablets pore structure 
are present, having a positive influence on the disintegration process (increased 
wettability,  water-uptake and intrinsic dissolution rate) 
- For disintegrant concentrations above the percolation threshold, an infinite cluster 
percolates through the tablet causing now a slower disintegration (pores start to 
close by swelling, hindering the entrance of water into the tablet. 
 
The model is less suited for fibre-like particles and therefore only to a limited extend 
applicable to low compacted MCC-fines. For the other fractions it can be used: applying 
higher compaction force to fines, as well as low and high compaction force to coarse 
particles, leads to rather spherical particles (as described in 3.4.2 “SEM Pictures of 
Granules derived from Roller Compaction”). 
Also another prerequisite of this model calculation is given, as the fines (d50 approx 
80 µm) have to be 3-5 times smaller than the granule particles (d50 approx 400 µm – 
the d50 data derive from the PSD in Table 21). 
 
A calculation with the d50 data mentioned above results in a monolayer proportion of 
23.3%. This is approximately the middle between the two trial settings 15% and 30% 
fines added – and (as visualized in Figure 9 “Re-combined Blends – Flow Properties”, 
page 66), this depicts the switch from freely flowing to manually supported flow of the 
blends as percolation threshold.  
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4.4 Reduction of Fines: Evaluation of Milling Devices 
4.4.1 Objective 
The roller compaction process generates ribbons, being milled for further processing. 
As described in 4.3, the resulting amount of fines should be kept low, so the milling 
operation should be optimized accordingly: process parameters and utilized equipment 
have to be chosen carefully to avoid a high degree of de-agglomeration of the ribbons 
into their primary particles. Another disadvantage of too many fines is their tendency to 
segregate, e.g. by machine vibrations, potentially leading to content uniformity issues. 
 
Ende et al., 2007, optimized the RC and milling process parameters for a low-dosed 
formulation. As key prerequisite they identified homogeneous granules PSD based on 
adequate sieve mesh width selection.  
Bultmann, 2002, reduced fines and improved flow by multiple compaction of the same 
material. This approach was not considered here again due to the crushing strength 
limitations in subsequent tabletting.  
For low amount of fines, sieving of the granules and rejecting the fines fraction could be 
an option for standardization (Herting et al., 2007), but this procedure is not very 
economic. Even more important, the composition of fine and coarse particle fraction is 
not necessarily identical and therefore not feasible for blends with APIs from the 
patient’s safety and GMP perspective.  
 
To overcome the drawbacks mentioned above, process parameters and utilized 
equipment for the milling operation have to be chosen thoroughly – several lab / pilot 
scale milling devices were selected for the trials to evaluate their pros and cons in this 
field of application:  
- a Quadro Comil (high rotational speed / material throughput) 
- a Frewitt mill (relatively slow oscillating rotor) 
- the Gerteis granulator, a milling device integrated into the Gerteis roller compactor 
with various possible settings (different rotors, rotational angles, oscillating vs. 
continuous mode, etc) 
- a modified Gerteis granulator, newly developed while conducting the trials: both 
types were compared to select the one being suitable best.  
 
Again, the ribbons were intentionally compacted with a relatively low compression force 
(refer to page 32). Ribbons manufactured this way are known for their low rigidity and 
therefore relatively high amount of fines after milling (as described e.g. by Grulke et al., 
2004), with the purpose to facilitate comparison of the milling devices. This should not 
be misinterpreted as a general, inherent drawback of the roller compaction process.  
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4.4.2 Results / Process Optimization 
Comil 197 
Several parameters were optimized in previous trials, like rotor type, speed, rotor/sieve 
distance and sieve type (refer to 3.1) and therefore not assessed again. Here the focus 
was on the screen size of the sieves, evaluating the screen sizes 1.0 mm, 1.3 mm, 
2.0 mm and 2.4 mm. 
 
Table 32 shows the results of the particle size analysis: 
 
 Residues [%] 
Sieve Fraction 
1 mm 
Screen 
1.3 mm 
Screen 
2 mm 
Screen 
2.4 mm 
Screen 
< 0.1 mm 71.13 65.72 58.57 45.64 
0.1 mm 12.23 8.7 9.28 6.03 
0.2 mm 5.89 5.12 4.63 3.58 
0.4 mm 4.84 4.52 3.48 3.27 
0.6 mm 5.08 7.08 5.03 4.99 
0.8 mm 0.76 5.73 5.13 5.39 
> 1.0 mm 0.07 3.12 13.87 31.09 
Table 32: Comil – PSD 
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Figure 19: Comil Screen Sizes – PSDs 
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As expected, using smaller screen sizes resulted in more fines < 0.1 mm and less 
coarse particles > 1.0 mm. Nevertheless, the fines proportions are at a extremely high 
level, what excludes the 1.0 mm (71%), 1.3 mm (66%) and 2.0 mm (59%) milled ribbons 
from subsequent processing. The particle size distribution from the 2.4 mm sieve is 
satisfying concerning the fines (46%), but for practical purposes it cannot be used to 
manufacture small/medium diameter tablets, due to its high amount of coarse particles 
(31% > 1 mm). 
  
 
Frewitt GLA_ORV 
The impact of the rotor speed was investigated before with an ideal setting of 
90 oscillations per minute (maximum rotor circumference speed 31.2 cm/s; average 
rotor circumference speed 19.4 cm/s). Rotor type as well as rotor/sieve distance and 
sieve type are fixed, so the focus was on the evaluation of the sieve screen sizes 
1.0 mm, 1.25 mm and 2.0 mm. 
 
 Residues [%] 
Sieve Fraction 1 mm Screen 1.25 mm Screen 2 mm Screen 
< 0.1 mm 52.62 47.22 39.27 
0.1 mm 10.35 10.59 7.86 
0.2 mm 7.10 6.81 4.81 
0.4 mm 6.20 5.88 4.03 
0.6 mm 11.47 8.97 5.82 
0.8 mm 9.15 8.61 6.36 
> 1.0 mm 3.11 11.92 31.85 
Table 33: Frewitt – PSD 
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Figure 20: Frewitt Screen Sizes PSDs 
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As seen before, smaller screen sizes generate higher amounts of fines < 0.1 mm. 
Compared to the 1.0 mm sieve (53%), the 1.25 mm data is to be preferred due to its 
lower fines proportions (47%), in combination with an acceptable amount of coarse 
particles.  
The 2 mm sieve screen generates even less fines (39%), but a considerable amount of 
coarse particles >1.0 mm (32%) that can negatively affect granule properties for 
compression into small/medium size tablets. Overall, the particle size distribution 
derived from the 1.25 mm sieve offers a reasonable balance. 
 
 
Gerteis Granulator – Standard Sieve Housing 
The following parameters were investigated as fractional design of experiments (DOE): 
 
 
Table 34: Gerteis Granulator – Setting Variables (DOE) 
 
Factors  Levels 
Rotor Type: 
- star shaped rotor  
 - pocket moulded rotor 
Sieve Screen Size in 
combination with Pocket 
Moulded Rotor: 
- 1.0 mm (standard mesh type) 
- 1.5 mm (standard mesh type) 
 - 2.0 mm (standard mesh type) 
Rotor Speed: 
 - 15 rpm 
 - 30 rpm 
 - 45 rpm 
 - 60 rpm 
Distance Rotor/Sieve: 
 - 0.5 mm 
 - 1.0 mm 
 - 2.0 mm 
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Star Shaped Rotor: Sieves 
The ribbons were milled with sieves of the screen sizes 1.0 mm, 1.5 mm and 2.0 mm 
(rotor-/sieve distance 1 mm; rotor speed 30 rpm): 
 
 Residues [%] 
Sieve Fraction 1 mm Screen 1.5 mm Screen 2.0 mm Screen 
< 0.1 mm 56.53 42.73 35.21 
0.1 mm 11.88 9.99 8.67 
0.2 mm 7.16 5.63 4.97 
0.4 mm 6.72 4.65 3.87 
0.6 mm 11.48 7.70 6.02 
0.8 mm 6.04 8.35 6.40 
1.0 mm 0.20 20.95 34.86 
Table 35: Gerteis Star Shaped Rotor – PSD 
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Figure 21: Gerteis Screen Sizes PSDs 
With 56%, the 1.0 mm sieve generates a very high proportion of fines < 0.1 mm and is 
therefore not acceptable for practical purposes. Conversely, the 1.5 and 2.0 mm sieve 
results are not suitable due to their high amount of coarse particles (21%, respectively 
35% > 1 mm). Their presence would only allow compression into relatively large tablets.  
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  4. Main Experiments 
Page 86  Jochen Farrenkopf 
 
Pocket Moulded Rotor: Sieves 
The ribbons were milled with standard sieves of the screen sizes 1.0 mm, 1.5 mm and 
2.0 mm (rotor-/sieve distance 1 mm; rotor speed 30 rpm): 
 
 Residues [%] 
Sieve Fraction 1 mm Screen 1.5 mm Screen 2.0 mm Screen 
< 0.1 mm 49.61 40.97 39.50 
0.1 mm 11.27 8.40 8.84 
0.2 mm 7.04 4.78 4.42 
0.4 mm 6.88 4.02 3.41 
0.6 mm 12.75 6.84 5.16 
0.8 mm 11.92 8.23 5.77 
> 1.0 mm 0.52 26.76 32.90 
Table 36: Gerteis Pocket Moulded Rotor – PSD 
 
Gerteis Gran.: Screen Size (Pocket Moulded Rotor)
0
10
20
30
40
50
60
<0.1 mm 0.1 mm 0.2 mm 0.4 mm 0.6 mm 0.8 mm 1.0 mm
Particle Size Fraction
Fr
eq
ue
nc
y 
[%
]
1.0 mm
1.5 mm
2.0 mm
 
Figure 22: Gerteis Pocket Moulded Rotor – PSD (2) 
The 1.5 and 2.0 mm milled granules have surprisingly comparable particle size 
distributions (correct equipment set-up and sieve analysis were double-checked). Their 
amount of fines < 0.1 mm seems acceptable (41%, respectively 40%), whereas there 
are too many coarse particles to subsequently enable proper filling of smaller tablet dies 
(27%, respectively 33%). This decision has to be based on the diameter of the selected 
dies.  
The 1 mm curve shows tolerable amounts of fines (50%). Due to the absence of 
particles > 1 mm, the proportions of the medium fractions are reasonably strong.  
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Rotor Speed 
The rotor speed can be chosen between 0 - 180 rpm in both directions, with a rotational 
angle from 0 - 720°. The ribbons were milled with a 1 mm sieve, 1 mm rotor-/sieve 
distance, pocket moulded rotor and rotor speed settings of 15, 30, 45, and 60 rpm: 
 
 Residues [%] 
Sieve Fraction 
Rotor Speed
15 rpm 
Rotor Speed
30 rpm 
Rotor Speed 
45 rpm 
Rotor Speed
60 rpm 
< 0.1 mm 58.26 49.61 58.67 59.02 
0.1 mm 13.71 11.27 12.72 11.18 
0.2 mm 7.09 7.04 6.24 6.22 
0.4 mm 6.18 6.88 5.55 5.48 
0.6 mm 9.49 12.75 9.83 9.96 
0.8 mm 4.98 11.92 6.82 7.90 
> 1.0 mm 0.29 0.52 0.17 0.25 
Table 37: Gerteis Rotor Speed – PSD 
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Figure 23: Gerteis Granulator – Rotor Speed PSDs 
A rotor speed of 15 rpm prove to be too low to mill the delivered amount of ribbons in 
time, so the required steady state was not reached. The issue is solved with a setting of 
30 rpm, a standard rotor speed on basis of initial trials, showing benefits in fines 
reduction. Here, the more detailed investigation confirmed this choice, for it is superior 
to the other settings: less fines (49% vs. 58%) and an increased amount of larger 
particles (25% > 600µm vs. 15-18%) with better flow properties (see 4.2.3) are the 
result.
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Distance Rotor/Sieve  
For these trials the pocket-moulded rotor was chosen due to better results while 
comparing the sieves. The ribbons are milled with rotor/sieve distances of 0.5 mm, 
1 mm and 2.0 mm (1 mm mesh sieve, 30 rpm rotor speed): 
 
 
 Residues [%] 
Sieve Fraction 
Distance 
0.5 mm 
Distance 
1 mm 
Distance 
2 mm 
< 0.1 mm 52.51 49.61 58.01 
0.1 mm 11.36 11.27 10.62 
0.2 mm 7.26 7.04 6.62 
0.4 mm 7.07 6.88 5.72 
0.6 mm 12.51 12.75 10.27 
0.8 mm 9.11 11.92 8.30 
> 1.0 mm 0.18 0.52 0.46 
Table 38: Gerteis Distance Rotor/Sieve – PSD 
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Figure 24: Gerteis Granulator – Distance Rotor/Sieve PSDs 
For the 1 mm sieve, the lowest amount of fines < 0.1 mm prove to be the 1 mm distance 
setting between rotor and sieve (50%). The higher and lower distance settings of 2 mm 
( 58%) and 0.5 mm (53%) were disadvantageous. 
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Gerteis Granulator – New Sieve Housing 
In 2005, a new granulator was available from the vendor, offering optimized 
processability and simplified, reproducible set-up. Several trials were performed to 
evaluate its ideal parameters, mainly to minimize the amount of fines after milling. The 
selection of parameters under investigation is based on the outcome of the initially 
performed standard sieve housings trials. 
 
The following parameters are investigated: 
 
Factors Levels 
Sieve Screen Size in 
combination with Star Shaped 
Rotor: 
 - 1.0 mm  (Conidur type) 
 - 1.0 mm  (standard mesh type) 
 - 1.25 mm  (standard mesh type) 
 - 1.5 mm  (standard mesh type) 
Sieve Screen Size in 
combination with Pocket 
Moulded Rotor: 
 - 1.0 mm  (Conidur type) 
 - 1.0 mm  (standard mesh type) 
 - 1.25 mm  (standard mesh type) 
 - 1.5 mm  (standard mesh type) 
Distance Rotor/Sieve in 
combination with Star Shaped 
Rotor: 
 - 1.0 mm 
 - 1.25 mm 
 - 1.5 mm 
Distance Rotor/Sieve in 
combination with Pocket 
Moulded Rotor: 
 - 1.0 mm 
 - 1.25 mm 
 - 1.5 mm 
Rotor Speed: 
 - 15 rpm 
 - 30 rpm 
 - 45 rpm 
 - 60 rpm 
 - 75 rpm 
Rotational Angle: 
 - continuously into one direction 
 - 120° R / 125° L 
 - 150° R / 180° L 
 - 270° R / 360° L 
Table 39: Gerteis Granulator – new Sieve Housing Variables 
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Star Shaped Rotor: Sieves 
The ribbons are milled with a 1.0 mm Conidur type sieve and 1.0 mm, 1.25 mm, and 
1.5 mm screen sieves (rotor-/sieve distance 1 mm; rotor speed 30 rpm): 
 
 Residues [%] 
no of runs # 1 of 2 # 2 of 2  # 1 of 2 # 2 of 2 1 1 
Sieve 
Fraction 
Conidur  
1.0 mm 
Conidur 
1.0 mm 
1.0 mm 
Screen 
1.0 mm 
Screen 
1.25 mm 
Screen 
1.5 mm 
Screen 
< 0.1 mm 60.95 62.08 53.28 46.68 43.93 37.10 
0.1 mm 11.10 13.71 10.76 12.06 9.11 8.68 
0.2 mm 8.74 8.82 10.03 10.51 8.16 7.64 
0.4 mm 7.43 6.73 10.41 10.46 7.94 6.74 
0.6 mm 7.17 5.90 11.34 15.11 10.81 8.87 
0.8 mm 4.06 2.25 4.12 5.06 13.35 12.92 
1.0 mm 0.53 0.50 0.06 0.12 6.38 12.45 
1.25 mm N/A N/A N/A N/A 0.32 4.55 
1.4 mm N/A N/A N/A N/A N/A 0.93 
1.6 mm N/A N/A N/A N/A N/A 0.12 
Table 40: Gerteis Star Shaped Rotor – PSD 
The results of the 1 mm trials were repeated independently. In the diagram the average 
data of the 1 mm sieves is displayed, with bars indicating the minimal / maximal values:  
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Figure 25: New Gerteis Granulator – Screen Size PSDs 
Comparing the mesh type sieves, increasing screen width leads to less fines and more 
coarse particles. Here the 1.25 mm sieve offers a reasonable balance (44% fines; 31%> 
600 µm).  
The Conidur sieve was not beneficial as it created the highest amount of fines. 
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Pocket Moulded Rotor: Sieves 
The ribbons were milled with a 1.0 mm Conidur type sieve and 1.0 mm, 1.25 mm, and 
1.5 mm mesh sieves (rotor-/sieve distance 1 mm; rotor speed 30 rpm). The two tables 
show the resulting particle size distributions: 
 
 Residues [%] 
no of runs # 1 of 3 # 2 of 3 # 3 of 3       
Sieve 
Fraction 
1.0 mm 
Screen 
1.0 mm 
Screen 
1.0 mm 
Screen 
1.0 mm 
Screen: 
average 
1.0 mm 
Screen: 
min 
1.0 mm 
Screen: 
max 
< 0.1 mm 44.21 49.98 55.53 49.91 44.21 55.53 
0.1 mm 9.15 11.41 9.89 10.15 9.15 11.41 
0.2 mm 9.30 10.27 8.56 9.38 8.56 10.27 
0.4 mm 9.30 10.44 8.70 9.48 8.70 10.44 
0.6 mm 13.58 13.23 11.79 12.87 11.79 13.58 
0.8 mm 13.97 4.59 5.48 8.01 4.59 13.97 
1.0 mm 0.50 0.09 0.05 0.21 0.05 0.50 
Table 41: Gerteis Pocket Moulded Rotor – PSD (1) 
 
 Residues [%] 
no of runs # 1 of 2 # 2 of 2       1 1 
Sieve 
Fraction 
Conidur 
1.0 mm 
Conidur 
1.0 mm 
Conidur 
1.0 mm: 
average 
Conidur 
1.0 mm: 
min 
Conidur 
1.0 mm: 
max 
1.25 mm 
Screen 
1.5 mm 
Screen 
< 0.1 mm 60.98 51.68 56.33 51.68 60.98 43.54 37.93 
0.1 mm 10.43 11.19 10.81 10.43 11.19 7.72 6.88 
0.2 mm 7.97 7.27 7.62 7.27 7.97 6.84 6.03 
0.4 mm 7.20 6.66 6.93 6.66 7.20 6.94 5.55 
0.6 mm 7.63 10.27 8.95 7.63 10.27 10.03 7.22 
0.8 mm 5.12 8.62 6.87 5.12 8.62 15.10 11.60 
1.0 mm 0.68 4.31 2.50 0.68 4.31 9.36 14.46 
1.25 mm N/A N/A N/A N/A N/A 0.48 8.00 
1.4 mm N/A N/A N/A N/A N/A N/A 2.25 
1.6 mm N/A N/A N/A N/A N/A N/A 0.08 
Table 42: Gerteis Pocket Moulded Rotor – PSD (2) 
It is well known that scientific data deriving from experiments will vary from one trial to 
the other, despite constant settings. This is obvious when trials are repeated by another 
operator.  
The larger sieve screen widths are known to vary less, so here the 1 mm trials were 
repeated independently by different operators. As expected there were some variations, 
but the average data matched well with early experimental results. 
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In the diagram, the average data of the 1 mm sieves is displayed with bars indicating 
the minimal / maximal values: 
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Figure 26: New Gerteis Granulator – Screen Size PSDs (2) 
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To simplify comparison, in this diagram only the amount of fine particles < 0.1 mm is 
displayed, with bars indicating the minimal / maximal data for the 1 mm sieves: 
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Figure 27: New Gerteis Granulator – Screen Size PSDs (3) 
Comparing the 1 mm sieves, the standard mesh sieve type appears to be better in 
reducing the amount of fines than the Conidur type (50% vs. 56%). The sieve screen 
widths 1.25 mm (44%) and 1.5 mm (38%) exhibit even better, lower results. The final 
selection is based on the intended purpose of the intermediate granules: using the 
1.5 mm sieve to manufacture small tablets can be critical (8% > 1.25 mm), whereas 
there is no limitation for larger tablets or an encapsulation process. If an extra-granular 
phase is admixed, it also has to match the granule particle size distribution to form 
stable blends without floating / segregation tendencies. 
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Star Shaped Rotor: Distance Rotor/Sieve 
The ribbons are milled with a 1.25 mm sieve screen and rotor/sieve distances of 
1.0 mm, 1.25 mm, and 1.5 mm (rotor speed 30 rpm): 
 
 Residues [%] 
Sieve Fraction 
Distance 
1.0 mm 
Distance 
1.25 mm 
Distance 
1.5 mm 
< 0.1 mm 44.05 43.93 44.37 
0.1 mm 9.14 9.11 8.36 
0.2 mm 8.40 8.16 7.93 
0.4 mm 8.37 7.94 8.05 
0.6 mm 11.42 10.81 8.88 
0.8 mm 13.62 13.35 14.16 
1.0 mm 4.46 6.38 7.51 
1.25 mm 0.37 0.32 0.57 
1.4 mm 0.16 0.00 0.15 
1.6 mm 0.00 0.00 0.03 
Table 43: Gerteis Star Shaped Rotor: Distance Rotor/Sieve – PSD 
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Figure 28: New Gerteis Granulator – Distance Rotor/Sieve PSDs 
For the trials, the 1.25 mm sieve was chosen due to its versatile use and promising 
results before. The rotor / sieve distance settings only lead to negligible differences in 
the resulting particle size distributions. For further trials a 1.25 mm rotor / sieve distance 
setting will be used. 
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Pocket Moulded Rotor: Distance Rotor/Sieve 
The ribbons are milled with a 1.25 mm screen sieve and rotor/sieve distances of 
1.0 mm, 1.25 mm, and 1.5 mm (rotor speed 30 rpm): 
 
 Residues [%] 
Sieve Fraction 
Distance 
1.0 mm 
Distance 
1.25 mm 
Distance 
1.5 mm 
< 0.1 mm 45.88 43.54 43.57 
0.1 mm 8.46 7.72 7.56 
0.2 mm 7.44 6.84 6.68 
0.4 mm 6.89 6.94 6.85 
0.6 mm 9.53 10.03 10.03 
0.8 mm 13.33 15.10 15.05 
1.0 mm 7.66 9.36 9.48 
1.25 mm 0.62 0.48 0.57 
1.4 mm 0.15 0.00 0.23 
1.6 mm 0.03 0.00 0.00 
Table 44: Gerteis Pocket Moulded Rotor: Distance Rotor/Sieve – PSD 
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Figure 29: New Gerteis Granulator – Distance Rotor/Sieve PSDs (2) 
Again, the 1.25 mm sieve was used based on its good results. As for the star shaped 
rotor, varying the rotor / sieve distance changed the particle size distribution only minor, 
with slight benefits for the 1.25 and 1.5 mm gap data (44% fines and 35% > 600 µm for 
both). Further trials will be performed with 1.25 mm rotor / sieve distance setting. 
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Rotor Speed 
The ribbons are milled with a 1.25 mm screen sieve using different rotor speeds. The 
two tables show the resulting particle size distributions (rotor-/sieve distance 1.25 mm): 
 
 Residues [%] 
no of runs 1 # 1 of 4 # 2 of 4 # 3 of 4 # 4 of 4 
Sieve Fraction 
Rotor Speed 
15 rpm 
Rotor Speed
30 rpm 
Rotor Speed
30 rpm 
Rotor Speed 
30 rpm 
Rotor Speed
30 rpm 
< 0.1 mm 49.26 43.54 46.49 46.48 47.06 
0.1 mm 8.17 7.72 7.88 8.09 7.89 
0.2 mm 7.23 6.84 7.03 6.51 6.67 
0.4 mm 6.81 6.94 6.67 6.71 6.40 
0.6 mm 9.83 10.03 10.43 9.82 9.98 
0.8 mm 12.64 15.10 13.99 13.70 13.75 
1.0 mm 5.70 9.36 7.23 8.25 7.83 
1.25 mm 0.35 0.48 0.27 0.44 0.42 
Table 45: Gerteis Rotor Speed – PSD (1) 
 
 Residues [%] 
Sieve 
Fraction 
Rotor 
Speed 
30 rpm: 
average 
Rotor 
Speed 
30 rpm: 
min 
Rotor 
Speed 
30 rpm: 
max 
Rotor 
Speed 
60 rpm: 
average 
Rotor 
Speed 
60 rpm: 
min 
Rotor Speed
60 rpm: max
< 0.1 mm 45.89 43.54 47.06 46.67 44.64 49.31 
0.1 mm 7.90 7.72 8.09 7.76 7.37 8.03 
0.2 mm 6.76 6.51 7.03 6.41 6.13 6.76 
0.4 mm 6.68 6.40 6.94 6.39 6.17 6.82 
0.6 mm 10.07 9.82 10.43 9.82 9.35 10.25 
0.8 mm 14.14 13.70 15.10 14.46 13.66 15.03 
1.0 mm 8.17 7.23 9.36 8.15 7.07 8.77 
1.25 mm 0.40 0.27 0.48 0.34 0.30 0.38 
Table 46: Gerteis Rotor Speed – PSD (2) 
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 Residues [%] 
no of runs 1 # 1 of 3 # 2 of 3 # 3 of 3 1 
Sieve Fraction 
Rotor Speed 
45 rpm 
Rotor Speed
60 rpm 
Rotor Speed
60 rpm 
Rotor Speed 
60 rpm 
Rotor Speed
75 rpm 
< 0.1 mm 48.85 44.64 46.06 49.31 50.35 
0.1 mm 8.51 7.37 7.88 8.03 8.43 
0.2 mm 6.70 6.76 6.34 6.13 6.56 
0.4 mm 6.43 6.82 6.18 6.17 6.14 
0.6 mm 9.50 10.25 9.86 9.35 8.91 
0.8 mm 12.46 15.03 14.69 13.66 12.29 
1.0 mm 7.14 8.77 8.62 7.07 7.05 
1.25 mm 0.40 0.35 0.38 0.30 0.27 
Table 47: Gerteis Rotor Speed – PSD (3) 
Like for the sieve evaluation of the new Gerteis granulator, the 30 and 60 rpm trials 
were repeated independently to assess the process reproducibility. Despite constant 
settings, some variations occurred as another operator performed the initial trial. 
Nevertheless, the average data matched well with earlier experimental results. 
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Figure 30: New Gerteis Granulator – Rotor Speed PSDs 
In the diagram above, the minimal / maximal data from Table 45 - Table 47 were not 
included because excursion bars assigned to the overlapping curves at a comparable 
level could hardly be differentiated visually.  
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Consequently, in the following diagram the focus is on the critical fine particles fraction 
< 0.1 mm, also the minimal / maximal deviations from the average data at 30 and 
60 rpm are displayed: 
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Figure 31: New Gerteis Granulator – Fines in Dependence of Rotor Speed 
 
The 15 rpm rotor speed was too low to mill the manufactured ribbons in time, so the 
required steady state could not be reached (observation not visualized in graph). For 
the material throughput of this set of experiments, the issue is solved with a rotor speed 
setting of 30 rpm.  
 
As for the standard sieve housing, the rotor speed of 30 rpm was used on basis of initial 
trials. Again, this choice could be confirmed because it produces slightly lower 
quantities of fines (46%), compared to the other settings (47-50%). Overall, the rotor 
speed settings appear to be a relatively uncritical process parameter for the new sieve 
housing. 
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Rotational Angle 
The rotor can be set to move continuously into one direction, e.g. for non-symmetric 
sieves like the Conidur type.  
Another option is the oscillating mode (the rotor moves into one direction, stops, and 
rotates back again). The rotational angles to the right and to the left can be chosen 
independently, expressed in machine settings like 150° R / 180° L. 
As the properties of star shaped rotor and pocket moulded rotor are at a comparable 
level for the new sieve housing, for these trials the pocket moulded rotor is chosen due 
to its better results with the standard sieve housing.  
Applied settings: rotor-/sieve distance 1.25 mm; sieve 1.25 mm; rotor speed 30 rpm. 
 
 Residues [%]  
no of 
runs # 1 of 3 # 2 of 3 # 3 of 3 Average # 1 of 3 # 2 of 3 # 3 of 3 Average
Sieve 
Fraction 
0° (cont.) 0° (cont.) 0° (cont.) 0° (cont) 120° R / 
125° L 
120° R / 
125° L 
120° R / 
125° L 
120° R / 
125° L 
< 0.1 mm 48.48 44.55 45.31 46.11 45.50 47.27 46.09 46.29 
0.1 mm 7.78 7.69 7.30 7.59 7.44 7.94 7.61 7.66 
0.2 mm 6.11 6.41 6.19 6.24 6.63 6.60 7.01 6.75 
0.4 mm 5.60 6.47 5.80 5.96 6.36 6.41 6.85 6.54 
0.6 mm 9.00 10.16 9.32 9.49 9.83 9.61 10.66 10.03 
0.8 mm 13.40 15.14 14.72 14.42 14.55 13.70 13.92 14.06 
1.0 mm 9.11 9.08 10.61 9.60 9.24 8.06 7.55 8.28 
1.25 mm 0.52 0.51 0.76 0.60 0.42 0.40 0.29 0.37 
Table 48: Gerteis Rotational Angle – PSD (1) 
 
 Residues [%]  
no of 
runs # 1 of 3 # 2 of 3 # 3 of 3 Average # 1 of 3 # 2 of 3 # 3 of 3 Average
Sieve 
Fraction 
150° R / 
180° L 
150° R / 
180° L 
150° R / 
180° L 
150° R / 
180° L 
270° R / 
360° L 
270° R / 
360° L 
270° R / 
360° L 
270° R / 
360° L 
< 0.1 mm 48.74 49.47 46.87 48.36 48.04 49.00 47.01 48.02 
0.1 mm 8.06 8.37 8.23 8.22 8.29 8.59 7.72 8.20 
0.2 mm 6.88 7.34 6.89 7.04 6.61 7.16 7.00 6.92 
0.4 mm 6.49 6.97 6.79 6.75 6.89 6.90 7.25 7.01 
0.6 mm 9.80 10.14 10.50 10.15 10.33 9.90 10.70 10.31 
0.8 mm 12.92 12.27 13.46 12.88 13.24 12.42 13.92 13.19 
1.0 mm 6.82 5.22 6.96 6.33 6.38 5.59 6.13 6.03 
1.25 mm 0.29 0.22 0.30 0.27 0.22 0.21 0.27 0.23 
Table 49: Gerteis Rotational Angle – PSD (2) 
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Flow properties of the resulting granules, average data of 2 runs:  
 0° 
(continuous) 
120° R / 125° L 150° R / 180° L 270° R / 360° L 
angle of repose [°] 38,9 38,9 39,6 39,6 
outflow time [s] 22 20 28 27 
Table 50: Gerteis Rotational Angle – Flow Properties 
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Figure 32: New Gerteis Granulator – Rotational Angle PSDs 
 
In the diagram the average data is displayed, with bars indicating the minimal / maximal 
excursions. The differences are relatively small, so it can be concluded that the 
rotational angle setting only minimally affects the resulting particle size distribution. 
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New Gerteis Granulator: Rotational Angle
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Figure 33: New Gerteis Granulator – Rotational Angle PSDs (2) 
In this diagram only the amount of fines with the minimal / maximal data are displayed 
to facilitate comparison. The results of the 0° and 120° R / 125° L settings are at a 
similar level (46%), with minor benefits compared to the 150 R° / 180° L and the 
270° R / 360° L settings (48%).  
However, the deviations with 0° are larger than for the 120° R / 125° L setting, in 
addition the outflow time is minimally better, so the 120° R / 125° L setting should be 
preferred for subsequent trials.  
This choice also corresponds with the visual impression that the throughput time of the 
ribbons is shorter with oscillating rotor compared to the continuous mode. It can be 
assumed that fast throughput is beneficial because the ribbons get rather milled/cut 
than rubbed off. 
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4.4.3 Discussion 
As stated before, the low compression force during roller compaction is a reason for the 
intentionally high proportions of fine particles. Due to the negative impact of this particle 
size fraction < 0.1 mm (refer to 4.2 and 4.3), its quantity is the main parameter to 
differentiate between the milling devices and process settings. 
For easier interpretation of the stated proportions within these trials, very good results 
would be quantities around 40% of fines, whereas values about 60% of fines would be 
considered as too high for practical purposes.  
 
 
Comil 197 
Using smaller screen sizes results in higher proportions of fine particles < 0.1 mm and 
less coarse particles > 1.0 mm. Looking at the absolute, very high quantity of fines (71% 
resp. 66%), the granules deriving from the 1.0 and 1.3 mm sieves are not acceptable for 
practical purposes due to inherently poor flow properties. 
Using the 2.0 and 2.4 mm sieves screen leads to granules with an acceptable amount 
of fines (59% resp. 46%). Nevertheless, more than 30% of coarse particles > 1 mm will 
prevent proper filling of tabletting dies with a high probability for the 2.4 mm sieve (see 
4.3). The 2.0 mm sieve appeared to be the best compromise solution (59% < 0.1 mm; 
14% > 1 mm). 
As a summary it can be stated that with these critical, intentionally low compressed 
ribbons evaluated here the Comil results were not satisfying. It is assumed that the high 
amount of fines is correlated with the high rotational speed of this type of mill. 
 
 
Frewitt GLA_ORV 
Also for the Frewitt mill, higher proportions of fine particles < 0.1 mm derived from the 
smaller screen sizes, with 53% for the 1.0 mm and 47% for the 1.25 mm sieve. The 
2 mm sieve screen generates less fines (39%) but a considerable amount of coarse 
particles > 1.0 mm (32%). 
Overall, the amount of fines is relatively high. Nevertheless, the 1.0 and 1.25 mm 
particle size distributions are combined with an acceptable amount of coarse particles 
and can therefore be considered as a reasonable choice for processing these low 
compressed ribbons. 
For practical purposes, the selection between the 1.0 and 1.25 mm screen is based on 
the impact of the resulting granule properties on the overall manufacturing process, e.g. 
the diameter of the tabletting dies. 
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Gerteis Granulator – Standard Sieve Housing 
For the star shaped rotor, the 1.0 mm sieve screen generates high quantities of fines 
< 0.1 mm (56%) and is therefore not favorable for practical purposes. Conversely, the 
1.5 and 2.0 mm sieve results are not suitable due to their high amount of coarse 
particles (21% resp. 35%).  
 
Using the pocket-moulded rotor, the particle size distributions from the 1.5 and 
2.0 mm sieves are at a comparable level. Their amount of fines < 0.1 mm appears to be 
acceptable (approx. 40%), whereas there are too many coarse particles to subsequently 
enable proper filling of the tablet dies (> 27%).  
Milling with 1 mm screen size leads to fairly tolerable amounts of fines (50%). Due to 
the absence of particles > 1 mm, the proportions of the medium fractions are 
reasonably strong.  
A future option could be customized sieves of 1.1 or 1.2 mm screen size, especially if 
the rasp type is used. A desirable slight decrease in fines and an increase in the coarse 
particle fraction could then be expected. 
Consequently, the pocket-moulded rotor is to be favored and further trials with the star 
shaped rotor will not be performed. 
 
Concerning the rotor speed, 30 rpm was used as standard setting on basis of initial 
trials. Here, the more detailed investigation confirmed this choice, showing benefits in 
less fines (50% vs. 58%) compared to higher rotor speeds. It proves also to be superior 
in increasing the amount of larger particles > 0.4 mm (32% vs. 22% resp. 24%) with 
their better flow properties (see 4.2.3). 
Within the manufacturing process described in 2.2, the material throughput at 30 rpm is 
adequate to ensure milling of the currently produced ribbons.  
 
The rotor / sieve distance also proves to determine the deriving amount of fine 
particles: 0.5 and 2.0 mm settings generate more fines (53% resp. 58%) compared to 
the 1 mm setting (50%). Consequently, future trials with the 1 mm sieve will be 
performed with 1 mm rotor / sieve distance as best process setting.   
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As an overview, here the evaluated settings with the preferred settings in bold: 
 
Standard Sieve Housing: evaluated parameters, preferred settings  
and impact on resulting amount of fine particles 
Factors Levels Power 
Sieve Screen Size in 
combination with Star 
Shaped Rotor: 
- 1.0 mm (standard mesh type) 
- 1.5 mm (standard mesh type) 
- 2.0 mm (standard mesh type) 
(no acceptable particle size 
distributions generated) 
high impact 
Sieve Screen Size in 
combination with Pocket 
Moulded Rotor: 
- 1.0 mm (standard mesh type) 
- 1.5 mm (standard mesh type) 
- 2.0 mm (standard mesh type) 
high impact 
Rotor Type: 
- star shaped rotor 
- pocket moulded rotor high impact 
Rotor Speed: 
- 15 rpm 
- 30 rpm 
- 45 rpm 
- 60 rpm 
high impact 
Distance Rotor/Sieve: 
- 0.5 mm 
- 1.0 mm 
- 2.0 mm 
medium impact
Table 51: Gerteis Standard Sieve Housing – Preferred Settings 
 
 
 
Gerteis Granulator – New Sieve Housing 
Using the star shaped rotor, the new Conidur type sieve does not reduce the amount 
of fines (61%) compared to all other standard screen sieve widths (< 53%) under 
evaluation. This could be based on the general drawback that it can only be driven with 
the rotor continuously turning into one direction due to its asymmetrical construction – 
process optimization by applying different rotational angle settings is therefore not 
possible. 
 
Comparing the standard mesh sieve types, as seen before, increasing screen width 
leads to less fines and more coarse particles. Depending on the intended purpose of the 
granules as intermediates, the 1.5 mm sieve data (37% < 0.1 mm / 18% > 1 mm) could 
be acceptable, e.g. for tabletting of larger tablet sizes.  
The 1 mm sieve data (average 50% < 0.1 mm / 0.1% > 1 mm) are less favorable due to 
their restricted flow properties if used for filling smaller tablet dies, whereas the 1.25 mm 
sieve offers a reasonable balance with a particle size distribution of 44% / 7%.  
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With the pocket-moulded rotor, again the Conidur sieve data (average 
56,3% < 0.1 mm) is less preferable than the standard mesh sieve types with an average 
of 49.9% fines, while comparing the 1 mm screen size.  
Even better are the 1.25 and 1.5 mm sieves (44% resp. 38% < 0.1 mm). The final 
selection is based on the desired use of the intermediate granules: using the 1.5 mm 
sieve for the manufacture of small tablets can be critical (8% particles > 1.25 mm), 
whereas there is no limitation for larger tablets or encapsulation purposes.  
 
For both rotors, the selection of the appropriate screen size has a strong impact on the 
resulting particle size distribution – much stronger than the distinction between star 
shaped rotor and pocket-moulded rotor. This is a difference to the old Gerteis 
granulator, where the pocket-moulded rotor was clearly favored. This strongly reduced 
dependency on rotor type and speed is rather unexpected: usually critical process 
parameters cannot be overcome just by replacing the sieve housing by another. There 
must be a substantial difference: it can be assumed that the new sieve housing cannot 
only be set-up more thoroughly and reproducibly, it also seems to be more stable 
mechanically. This could decrease rotor type and speed dependency by reducing 
evasive side movements if force peaks apply. 
However, while looking at variations of up to 5% from run to run it is obvious that there 
is still room for improvement. These variations occur mainly for the 1 mm screen sizes 
and are at least partially based on the intentionally low compressed ribbons. In addition, 
these trials were independently performed by different operators, repeating the whole 
manufacturing process (and not only the final milling step). The generated data was 
comparable to the results from experience. 
 
Using the versatile 1.25 mm sieve screen, the rotor / sieve distance settings of 1.0, 
1.25 and 1.5 mm were evaluated. Best results in order of lowest amount of fines derive 
from the 1.25 mm distance. However, for both rotor types the differences to the 1.0 and 
in particular to the 1.5 mm settings are negligible (< 2% difference in fines). 
Consequently, for further trials the 1.25 mm distance setting will be preferred, but it 
could be shown that within the considered ranges this parameter has low impact on the 
deriving particle size distributions.  
 
Looking at the impact of the rotor speed, the 15 rpm data is available, but out of scope 
due to its insufficient material throughput.  
As for the standard sieve housing, the 30 rpm setting was used on basis of initial trials. 
Again, this choice is confirmed because of its slightly lower quantities of fines (46%), 
compared to the other settings (47 - 50%).  
Overall, the differences between the speed settings prove to be relatively small, so this 
parameter has a low impact on the resulting particle size distribution. Thus, adequate 
settings can be chosen in order to enable fast material throughput. This is beneficial 
compared to the standard Gerteis sieve housing, that showed a much stronger 
dependency (50 - 58% of fines). 
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The rotor can move continuously into one direction or in the oscillating mode, in which 
rotational angles to the right and to the left can be chosen independently, expressed in 
machine settings like 150° R / 180° L. The evaluation of the continuous mode and three 
rotational angle settings exhibit only minor differences, with benefits for continuous 
mode and the 120° R / 125° L setting. As the minimal/maximal excursions are smaller 
and the flow properties are minimally better for the 120° R / 125° L setting compared to 
the continuous mode, the 120° R / 125° L setting will be used for further trials.  
This choice also corresponds with the visual impression that the throughput time of the 
ribbons is shorter with oscillating rotor compared to the continuous mode. It can be 
estimated that fast throughput is beneficial because the ribbons get rather milled/cut 
than rubbed off.   
 
New Sieve Housing: evaluated parameters, preferred settings  
and impact on resulting amount of fine particles 
Factors Levels Power 
Sieve Screen Size in 
combination with Star 
Shaped Rotor: 
 - 1.0 mm  (Conidur type) 
 - 1.0 mm  (standard mesh type) 
 - 1.25 mm  (standard mesh type) 
 - 1.5 mm  (standard mesh type) 
 high impact 
Sieve Screen Size in 
combination with Pocket 
Moulded Rotor: 
 - 1.0 mm  (Conidur type) 
 - 1.0 mm  (standard mesh type) 
 - 1.25 mm  (standard mesh type) 
 - 1.5 mm  (standard mesh type) 
 high impact 
Overall: Rotor Type 
 - star shaped rotor 
 - pocket moulded rotor  low impact 
Distance Rotor/Sieve in 
combination with Star 
Shaped Rotor: 
 - 1.0 mm 
 - 1.25 mm 
 - 1.5 mm 
 low impact 
Distance Rotor/Sieve in 
combination with Pocket 
Moulded Rotor: 
 - 1.0 mm 
 - 1.25 mm 
 - 1.5 mm 
 low impact 
Rotor Speed: 
 - 15 rpm 
 - 30 rpm 
 - 45 rpm 
 - 60 rpm 
 - 75 rpm 
 low impact 
Rotational Angle: 
 - continuously into one direction 
 - 120° R / 125° L 
 - 150° R / 180° L 
 - 270° R / 360° L 
 low impact 
Table 52: Gerteis New Sieve Housing – Preferred Settings in bold 
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Compared to the standard sieve housing, less parameters are identified as critical 
process parameters for the new sieve housing. This offers increased flexibility while 
setting up the equipment.  
 
4.4.4 Milling Devices: Overview 
As described in 4.2 and 4.3, the amount of fine particles < 0.1 mm has a negative 
impact on powders / blends flow properties and compressibility, assumed to be caused 
at least partially by their irregular shape (as described in 3.4.2). 
 
Particle Fraction Fines  (< 0.1 mm) 
Medium Fraction
(0.1 - 1 mm) 
Coarse Particles 
(1 - 1.25 mm) 
Single Fractions: 
Flow Properties - +++ ++ 
Deriving Blends: 
Flow Properties - +++ ++ 
Compressing Blends: 
Tablets Properties - +++ ++ 
Table 53: Fractions Flow Properties – Overview 
Thus, the milling operation should be optimized in a way to minimize fines: process 
parameters and utilized equipment have to be chosen carefully to minimize division of 
the ribbons into their primary particles. 
 
Wherever possible (depending on the mill’s capabilities), various parameters were 
assessed to compare the milling devices, such as different sieve screen sizes, sieve 
types, rotor types, rotor speeds, rotor / sieve distances, and sensible combinations 
thereof. The evaluation is mainly based on the resulting fine particles presence. Also 
material throughput, ease and reproducibility of set-up and number of critical process 
parameters were considered. Table 54 shows a short summary of the results: 
 
Parameter Comil, Model 197 
Frewitt Mill, 
Model  
GLA_ORV 
Gerteis Gran.: 
Standard Sieve 
Housing 
Gerteis Gran.: 
New Sieve 
Housing 
Identified Critical  
Process Parameters 
(apart Mesh Size) 
N/A: only 
few variables
N/A: only 
few variables
- rotor type 
- rotor speed 
+ 
- none 
 
++ 
Material Throughput ++ + +++ +++ 
Amount of Fine Particles 
< 0,1 mm after Milling 
(Ideal Setting) 
- 
(58.6 % fines)
++ 
(47.2 % fines)
++ 
(49.6% fines) 
+++ 
(43.5 % fines)
 
Table 54: Milling Devices Results - Overview 
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The Gerteis granulator with new sieve housing delivers the best performance 
concerning the amount of fines. It is also to be preferred to the standard sieve housing 
because of its simple assembly / operation and therefore reduced dependency on the 
operator’s skills. In addition, less parameters are identified as critical process 
parameters – offering increased flexibility while setting up the equipment. This strongly 
reduced dependency on rotor type and speed is rather unexpected: usually critical 
process parameters cannot be overcome just by replacing the sieve housing by 
another. There must be a substantial difference: it can be assumed that the new sieve 
housing cannot only be set-up more thoroughly and reproducibly, it also seems to be 
more stable mechanically. This could decrease rotor type and speed dependency by 
reducing evasive side movements if force peaks apply. Nevertheless, for a sound 
statistical evaluation of the effects described, the number of trials would have to be 
increased. 
Besides the slightly higher fines proportions, for smaller ribbons quantities also the 
independently driven Frewitt mill is a viable option. The Comil generates unacceptably 
high amounts of fine particles. 
The preferred milling devices in combination with the adequate settings enable proper 
milling of the ribbons, generating acceptable amounts of the critical fine particles 
fraction.  
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4.5 Reduction of Fines: Dry Binders in Roller Compaction 
4.5.1 Objective 
The excellent binding capacity of microcrystalline cellulose made it the excipient of 
major relevance for roller compaction purposes. Its widespread application was the 
reason to select microcrystalline cellulose as standard formulation (here: Avicel PH 101 
plus lubricant magnesium stearate). Even though it is not easy to improve its 
compressibility, the impact of admixing low proportions of dry binders was evaluated for 
formulation optimization purposes.  
The potential effect and the required amount of the dry binders is not easy to predict, as 
stated in two articles by Grulke et al., 2004, the non-proportionality of resulting fines in 
the presence of microcrystalline cellulose by enclosure of the excipients due to its low 
yield pressure (with the consequence of higher microcrystalline cellulose proportions in 
the fines after milling; they evaluated combinations with lactose and dicalcium 
phosphate dihydrate). 
Roberts and Rowe, 1986, describe the yield pressure dependency on particle size of 
different microcrystalline cellulose grades.  
 
Dry binders are a relevant, versatile group of auxiliary excipients. Their use can help in 
roller compaction, as (in comparison to wet granulation) no capillary forces by a wetting 
agent are present. Chemically dry binders consist of several substance classes and 
polymer grades, mostly of higher molecular weight substances. In relatively low 
percentages these excipients are regularly used in the direct tabletting process to 
improve tablet properties such as crushing strength and friability. Besides the commonly 
used application of dry binders, this study is focused on their impact on the granules 
(flow properties, amount of fines) and tablets properties (friability, mass uniformity, 
crushing strength), derived from roller compaction and milling of the ribbons. In addition, 
tablet disintegration time is of interest, as higher proportions of dry binders could extend 
disintegration time of these placebo tablets and therefore affect release rates if APIs 
were present (considered: IR tablets with BCS I or III API). Here a sensible balance 
between improved mechanical properties and sufficiently fast disintegration has to be 
evaluated.   
Initially, fixed dry binder proportions (based on the manufacturers recommendations: 
3% and 6%) are added to the standard formulation to evaluate their impact on the 
critical fine particles fraction < 0.1 mm. Evaluating their impact, further trials to 
determine the optimal concentration are conducted.  
However, one has to be aware of the already very high binding capacity of 
microcrystalline cellulose (Hwang and Peck, 2001) – it is not easy to improve its overall 
blends / granules / tablets properties by adding other excipients such as dry binders. 
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Selected Dry Binders 
For these trials, five different dry binders from three different chemical groups are 
selected: two polyethylene glycol grades (PEG 1500 and PEG 4000), a hydroxypropyl 
cellulose (Klucel EXF), polyvinylpyrrolidone (Kollidon 30) and polyvinylpyrrolidone/vinyl 
acetate copolymer (Kollidon VA 64). The chemical structures of the dry binders are 
listed in 2.1.3, their physical properties in 2.1.2. 
 
Like PEG 1500, PEG 4000 derives from ethylene glycol, but is polymerized to a higher 
degree. Consequently the physico-chemical properties differ. In addition to the dry 
binding ability, the hydrophilic and water soluble polyethylene glycol can also increase 
plastic compressibility of granules in wet granulation and could therefore be useful in 
roller compaction. 
Olsson et al., 1998, describe the beneficial impact of PEG addition on the resulting 
tablets crushing strength and the dependency on the main excipient’s bonding 
mechanism.   
To reduce the particle size of PEG 1500, the large flakes are milled in several steps in 
the presence of dry ice with a Comil milling device. This operation is performed to 
provide this excipient in a particle size distribution that is closer to the rest of the 
formulation – a prerequisite for its homogenous distribution within the blend. In addition, 
smaller particles and consequently higher specific surface areas enable a higher 
number of three-dimensional distributed interparticular bindings. The other dry binders 
are commercially available by the vendor to match the requirements mentioned above. 
 
Hydroxypropyl cellulose is used in pharmaceutical applications e.g. as a binder, for 
modified release formulations or film coating. The use as binder is known to be feasible 
in aqueous granulation as well as for direct tabletting. Klucel EXF is a hydroxypropyl 
cellulose grade established for direct tabletting purposes. Its use in improving capping 
and friability is described by Skinner et al., 1999, in a 4-8% proportions. 
 
Polyvinylpyrrolidone is regularly used in binder solutions for wet-granulation processes 
or added to powder blends in the dry form and granulated in situ by the addition of 
water, alcohol, or hydro-alcoholic solutions. 
 
Kollidon VA 64 is a copolymer, derived from synthesis of six parts vinylpyrrolidone with 
four parts vinyl acetate. The reason for adding vinyl acetate was the attempt to achieve 
higher plastic compression behavior. The positive impact on tablets properties in the 
direct tabletting process is described in Kolter and Flick, 2000. In addition, it is even 
considered to be the best-suited substance to improve inadequate formulation 
properties for direct tabletting purposes by Bühler, 2003. 
For further excipients data please refer to Bolhuis and Armstrong, 2006. 
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Specific Settings / Manufacture 
Here the unit operations are listed that differ from the standard procedure described in 
2.2. Reason for variation is the smaller batch scale compared to the former trials, as the 
available amount of the dry binders was limited.  
The batches are blended using a Turbula blender 10B, 10 l stainless steel container, 5 
min duration with dry binder, followed by 2 min with magnesium stearate, both with a 
speed setting of 30 rpm.  
Tabletting is performed using a instrumented Kilian RUD rotary press manufacturing 
16000 tablets per hour, half equipped with 10 flat tooling sets of 9 mm, with a target 
weight of 200 mg and compression forces of 6, 12, 18 and 24 kN. 
Based on the ongoing milling device evaluation, the Gerteis granulator is equipped with 
the new sieve housing and run with screen size and rotor/sieve distance of both 
1.25 mm and the rotor rotational angle setting of 120°/125°.  
 
 
Formulations 
For the first set of experiments identical proportions of dry binders are added to the 
standard formulation (refer to 2.3.3), to enable direct comparison of the results. Based 
on the manufacturers recommendations, values of 3% and 6% were chosen. 
 
Excipient 
Standard 
Formulation 
Standard 
Formulation  
+ 3% Dry Binder
Standard 
Formulation  
+ 6% Dry Binder
Avicel PH 101 99.75% 96.75% 93.75% 
Dry Binder - 3% 6% 
Mg Stearate 0.25% 0.25% 0.25% 
Table 55: Standard Formulation with Dry Binders added 
For optimization purposes in further trials, also other dry binder concentrations were 
chosen, by using the same procedure. 
However, the expectations to achieve better granule and tablet properties in comparison 
to the standard formulation itself should not be too high, because microcrystalline 
cellulose already is a highly efficient filler/binder. Nevertheless, even if the efficiency of 
individual dry binders would “only” be at the microcrystalline cellulose level, this 
capability would offer additional options to optimize critical formulation properties. 
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4.5.2 Results 
Particle Size Distributions 
Fixed Proportions of Dry Binders 
To differentiate the dry binders impact on the properties of the deriving granules and 
tablets, fixed proportions of 3% and 6% reduce Avicel in the standard formulation.  
 
 Standard Formulation: Residues [%] 
Sieve 
Fraction run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 49.67 54.75 47.77 50.73 47.77 54.75 
0.1 mm 7.94 10.78 9.91 9.54 7.94 10.78 
0.2 mm 6.67 7.93 7.26 7.29 6.67 7.93 
0.4 mm 6.18 6.24 6.87 6.43 6.18 6.87 
0.6 mm 9.19 7.90 10.05 9.05 7.90 10.05 
0.8 mm 12.64 8.63 11.97 11.08 8.63 12.64 
1.0 mm 7.37 3.64 5.89 5.63 3.64 7.37 
1.25 mm 0.35 0.12 0.28 0.25 0.12 0.35 
Table 56: PSD of Standard Formulation, for Comparison Purposes 
 3% PEG 1500: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 46.40 47.50 47.57 47.16 46.40 47.57 
0.1 mm 9.20 8.51 9.88 9.20 8.51 9.88 
0.2 mm 6.49 6.77 6.92 6.73 6.49 6.92 
0.4 mm 6.27 6.55 6.20 6.34 6.20 6.55 
0.6 mm 9.60 10.30 9.62 9.84 9.60 10.30 
0.8 mm 13.47 13.01 12.48 12.99 12.48 13.47 
1.0 mm 8.23 7.08 6.96 7.42 6.96 8.23 
1.25 mm 0.35 0.28 0.29 0.31 0.28 0.35 
Table 57: PSD with 3% PEG 1500 added to Standard Formulation 
 6% PEG 1500: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 52.50 47.50 49.74 49.91 47.50 52.50 
0.1 mm 9.10 9.39 10.37 9.62 9.10 10.37 
0.2 mm 6.42 7.01 6.90 6.78 6.42 7.01 
0.4 mm 5.86 6.44 5.84 6.05 5.84 6.44 
0.6 mm 8.75 9.71 8.92 9.13 8.75 9.71 
0.8 mm 10.79 12.90 11.95 11.88 10.79 12.90 
1.0 mm 6.21 6.78 6.00 6.33 6.00 6.78 
1.25 mm 0.36 0.28 0.28 0.31 0.28 0.36 
Table 58: PSD with 6% PEG 1500 added to Standard Formulation 
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Figure 34: PSD with 0-6% Dry Binder PEG 1500 
Adding 3% PEG 1500 to the standard formulation reduces the amount of fines 
reproducibly by approximately 3.6 %, whereas surprisingly the 6% PEG 1500 benefit is 
negligible. 
 
 3% PEG 4000: Residues [%] 
Sieve Fract. run # 1 run # 2 Average min max 
< 0.1 mm 50.52 54.60 52.56 50.52 54.60 
0.1 mm 8.92 11.72 10.32 8.92 11.72 
0.2 mm 7.07 8.03 7.55 7.07 8.03 
0.4 mm 6.10 6.34 6.22 6.10 6.34 
0.6 mm 8.60 7.41 8.01 7.41 8.60 
0.8 mm 11.37 8.01 9.69 8.01 11.37 
1.0 mm 7.04 3.70 5.37 3.70 7.04 
1.25 mm 0.38 0.18 0.28 0.18 0.38 
Table 59: PSD with 3% PEG 4000 added to Standard Formulation 
 6% PEG 4000: Residues [%] 
Sieve Fract. run # 1 run # 2 Average min max 
< 0.1 mm 56.55 52.59 54.57 52.59 56.55 
0.1 mm 12.91 11.11 12.01 11.11 12.91 
0.2 mm 7.94 8.03 7.99 7.94 8.03 
0.4 mm 6.05 5.89 5.97 5.89 6.05 
0.6 mm 7.01 7.67 7.34 7.01 7.67 
0.8 mm 6.72 9.46 8.09 6.72 9.46 
1.0 mm 2.69 4.98 3.84 2.69 4.98 
1.25 mm 0.14 0.26 0.20 0.14 0.26 
Table 60: PSD with 6% PEG 4000 added to Standard Formulation 
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Figure 35: PSD with 0-6% Dry Binder PEG 4000 
In contrast to the previously noted PEG 1500 results, replacing Avicel 101 partially by 
3% and 6% PEG 4000 does not reduce the deriving amount of fines after milling of the 
ribbons – on the contrary, more fines were the result. This negative effect is obviously 
higher for the 6% trials (furthermore limiting the larger, good flowing particles).  
 
 3% Klucel EXF: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 56.32 46.65 46.14 49.70 46.14 56.32 
0.1 mm 12.23 11.58 9.44 11.08 9.44 12.23 
0.2 mm 8.04 8.32 7.21 7.86 7.21 8.32 
0.4 mm 5.19 6.38 6.05 5.87 5.19 6.38 
0.6 mm 6.32 8.73 9.15 8.07 6.32 9.15 
0.8 mm 8.09 11.41 13.14 10.88 8.09 13.14 
1.0 mm 3.74 6.57 8.33 6.21 3.74 8.33 
1.25 mm 0.04 0.35 0.55 0.31 0.04 0.55 
Table 61: PSD with 3% Klucel EXF added to Standard Formulation 
 
 6% Klucel EXF: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 49.05 54.84 42.61 48.83 42.61 54.84 
0.1 mm 11.13 13.39 10.07 11.53 10.07 13.39 
0.2 mm 9.12 8.74 8.18 8.68 8.18 9.12 
0.4 mm 8.23 5.95 7.16 7.11 5.95 8.23 
0.6 mm 9.64 6.64 10.14 8.81 6.64 10.14 
0.8 mm 8.99 7.28 13.37 9.88 7.28 13.37 
1.0 mm 3.66 3.08 7.98 4.91 3.08 7.98 
1.25 mm 0.19 0.08 0.50 0.26 0.08 0.50 
Table 62: PSD with 6% Klucel EXF added to Standard Formulation 
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Figure 36: PSD with 0-6% Dry Binder Klucel EXF  
The Klucel EXF presence in the formulation slightly reduces the resulting amount of 
fines after milling, with the higher proportion being more effective. Nevertheless, a 
negative consequence is the increased variability of results, making comparison and 
evaluation of results more difficult. 
 3% Kollidon 30: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 53.32 52.92 45.40 50.55 45.40 53.32 
0.1 mm 11.36 13.18 11.65 12.06 11.36 13.18 
0.2 mm 7.90 8.03 8.78 8.24 7.90 8.78 
0.4 mm 6.18 5.44 7.26 6.29 5.44 7.26 
0.6 mm 8.35 7.20 9.74 8.43 7.20 9.74 
0.8 mm 8.86 8.88 11.20 9.65 8.86 11.20 
1.0 mm 3.86 4.13 5.76 4.58 3.86 5.76 
1.25 mm 0.18 0.23 0.20 0.20 0.18 0.23 
Table 63: PSD with 3% Kollidon 30 added to Standard Formulation 
 6% Kollidon 30: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 47.86 47.22 41.07 45.38 41.07 47.86 
0.1 mm 12.00 14.94 12.87 13.27 12.00 14.94 
0.2 mm 8.45 9.02 8.77 8.75 8.45 9.02 
0.4 mm 6.74 6.27 6.92 6.64 6.27 6.92 
0.6 mm 9.08 8.19 9.87 9.05 8.19 9.87 
0.8 mm 10.46 9.41 12.72 10.86 9.41 12.72 
1.0 mm 5.20 4.81 7.47 5.83 4.81 7.47 
1.25 mm 0.21 0.12 0.32 0.22 0.12 0.32 
Table 64: PSD with 6% Kollidon 30 added to Standard Formulation 
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Figure 37: PSD with 0-6% Dry Binder Kollidon 30 
Concerning the amount of fines, the 3% data is only on the same level as the standard 
formulation. The higher concentration of 6% strongly reduces the fines proportion by 
approximately 5% and is therefore superior to it. 
 
 3% Kollidon VA 64: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 51.96 47.87 48.93 49.59 47.87 51.96 
0.1 mm 11.04 10.70 12.34 11.36 10.70 12.34 
0.2 mm 7.83 7.34 7.87 7.68 7.34 7.87 
0.4 mm 6.32 5.86 6.27 6.15 5.86 6.32 
0.6 mm 8.35 9.02 8.31 8.56 8.31 9.02 
0.8 mm 9.70 12.57 11.10 11.12 9.70 12.57 
1.0 mm 4.59 6.34 5.08 5.34 4.59 6.34 
1.25 mm 0.22 0.30 0.10 0.21 0.10 0.30 
Table 65: PSD with 3% Kollidon VA 64 added to Standard Formulation 
 
 6% Kollidon VA 64: Residues [%] 
Sieve Fract. run # 1 run # 2 run # 3 Average min max 
< 0.1 mm 50.01 41.04 51.05 47.37 41.04 51.05 
0.1 mm 9.88 9.45 12.23 10.52 9.45 12.23 
0.2 mm 7.66 7.73 7.62 7.67 7.62 7.73 
0.4 mm 6.81 7.75 6.44 7.00 6.44 7.75 
0.6 mm 9.21 11.47 7.93 9.54 7.93 11.47 
0.8 mm 10.91 14.57 9.97 11.82 9.97 14.57 
1.0 mm 5.27 7.70 4.75 5.91 4.75 7.70 
1.25 mm 0.25 0.28 0.01 0.18 0.01 0.28 
Table 66: PSD with 6% Kollidon VA 64 added to Standard Formulation 
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Figure 38: PSD with 0-6% Dry Binder Kollidon VA 64 
For 3% Kollidon VA 64 the particle size distribution shows only minor advantages 
compared to the standard formulation curve. By adding another 3%, the dry binder 
efficiency increased, resulting in a reduction of fines of approximately 3%. 
 
Formulation Optimization 
With fixed proportions of 3% and 6%, the general interaction of the dry binder with the 
standard formulation was assessed. Based on these results, higher respectively lower 
percentages were chosen for further optimization purposes:  
- PEG 1500: as low proportions positively affect the resulting particle size 
distribution, the concentration is reduced to 2% 
- PEG 4000: due to its negative impact of increasing the amount of fines after 
milling of the ribbons, no further trials are performed with this dry binder type 
- Kollidon 30, Klucel EXF, Kollidon VA 64: higher concentrations seem be improve 
the reduction of fines after milling of the ribbons, so the ratio is increased to 9%. 
 
For the following tables and figures, only the additionally established data is listed. 
 
 2% PEG 1500: Residues [%] 
Sieve Fract. run # 1 run # 2 Average min max 
< 0.1 mm 57.88 50.38 54.13 50.38 57.88 
0.1 mm 11.68 10.26 10.97 10.26 11.68 
0.2 mm 7.60 7.18 7.39 7.18 7.60 
0.4 mm 5.75 6.15 5.95 5.75 6.15 
0.6 mm 6.93 8.59 7.76 6.93 8.59 
0.8 mm 7.04 10.89 8.97 7.04 10.89 
1.0 mm 3.03 6.28 4.66 3.03 6.28 
1.25 mm 0.09 0.27 0.18 0.09 0.27 
Table 67: PSD with 2% PEG 1500 added to Standard Formulation 
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Dry Binders: 0-6% PEG 1500 (2)
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Figure 39: PSD with 0-6% Dry Binder PEG 1500 (2) 
 
For PEG 1500, the switch from 3% to 2% did not further reduce the amount of fines. 
Here the 3% proportion is to be preferred. 
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 9% Klucel EXF: Residues [%] 
Sieve 
Fraction run # 1 run # 2 Average min max 
< 0.1 mm 53.23 50.85 52.04 50.85 53.23 
0.1 mm 13.10 11.50 12.30 11.50 13.10 
0.2 mm 8.90 8.60 8.75 8.60 8.90 
0.4 mm 5.95 7.22 6.59 5.95 7.22 
0.6 mm 6.73 8.68 7.71 6.73 8.68 
0.8 mm 7.73 8.69 8.21 7.73 8.69 
1.0 mm 4.08 4.24 4.16 4.08 4.24 
1.25 mm 0.28 0.22 0.25 0.22 0.28 
Table 68: PSD with 9% Klucel EXF added to Standard Formulation 
 
 
Dry Binders: 0-9% Klucel EXF (2)
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Figure 40: PSD with 0-9% Dry Binder Klucel EXF (2) 
Additional Klucel EXF does not improve the particle size distribution in terms of reducing 
fines < 0.1 mm – in contrast, its amount became even higher compared to the standard 
formulation. Also negatively impacted is the decreasing number of the larger, good 
flowing particles, while the 0.1 - 0.4 mm fraction highly rises.  
Consequently, the lower percentages would be the better choice for critical 
formulations. 
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 9% Kollidon 30: Residues [%] 
Sieve 
Fraction run # 1 run # 2 Average min max 
< 0.1 mm 46.05 43.12 44.59 43.12 46.05 
0.1 mm 16.10 16.13 16.12 16.10 16.13 
0.2 mm 10.02 9.02 9.52 9.02 10.02 
0.4 mm 6.72 6.11 6.42 6.11 6.72 
0.6 mm 8.25 8.23 8.24 8.23 8.25 
0.8 mm 8.66 11.34 10.00 8.66 11.34 
1.0 mm 4.03 5.86 4.95 4.03 5.86 
1.25 mm 0.17 0.18 0.18 0.17 0.18 
Table 69: PSD with 9% Kollidon 30 added to Standard Formulation 
 
 
Dry Binders: 0-9% Kolidon 30 (2)
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Figure 41: PSD with 0-9% Dry Binder Kollidon 30 (2) 
Increasing the Kollidon 30 percentage from 6% to 9% again reduces the amount of fines 
< 0.1 mm, even though the difference of approximately 1% fines is small. This goes 
along with a shift from fines into the 0.1 – 0.4 mm fractions.  
While adding Kollidon 30 to the standard formulation, fortunately the proportions of the 
larger particles with good flow properties are hardly reduced (the 9% proportion exhibits 
comparable PSD to the standard formulation).  
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 9% Kollidon VA 64: Residues [%] 
Sieve 
Fraction run # 1 run # 2 Average min max 
< 0.1 mm 54.87 44.37 49.62 44.37 54.87 
0.1 mm 14.94 10.38 12.66 10.38 14.94 
0.2 mm 8.91 7.47 8.19 7.47 8.91 
0.4 mm 6.09 7.08 6.59 6.09 7.08 
0.6 mm 6.39 10.38 8.39 6.39 10.38 
0.8 mm 6.00 13.39 9.70 6.00 13.39 
1.0 mm 2.68 6.69 4.69 2.68 6.69 
1.25 mm 0.12 0.33 0.23 0.12 0.33 
Table 70: PSD with 9% Kollidon VA 64 added to Standard Formulation 
 
 
Dry Binders: 0-9% Kollidon VA 64 (2)
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Figure 42: PSD with 0-9% Dry Binder Kollidon VA 64 (2) 
The higher proportion of 9% Kollidon VA 64 does not seem to improve the particle size 
distribution concerning the amount of fines. Overall, the variation between the trials is 
relatively high, especially for the higher Kollidon VA 64 concentrations. 
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Flow Properties 
All formulations are checked for their flow properties. The data in the tables represent 
the average data of three trials. 
 
 Flow Properties (1/3) 
Parameter standard 
formulation 
2% PEG 
1500 
3% PEG 
1500 
6% PEG 
1500 
3% PEG 
4000 
Angle of 
Repose [°] 
39.12 39.35 38.89 39.58 38.89 
Outflow Time 
[s] 
24 26 23 28 23 
Bulk Density 
[g/ml] 
0.41 0.44 0.44 0.43 0.44 
Hausner 
Ratio 
1.39 1.35 1.34 1.35 1.36 
Table 71: Granules flow properties after adding dry binders (1) 
 Flow Properties (2/3) 
Parameter 6% PEG 
4000 
3% Klucel 
EXF 
6% Klucel 
EXF 
9% Klucel 
EXF 
3% Kollidon 
30 
Angle of 
Repose [°] 
39.35 38.89 38.65 39.58 39.58 
Outflow Time 
[s] 
37 23 25 20 30 
Bulk Density 
[g/ml] 
0.47 0.44 0.42 0.43 0.42 
Hausner 
Ratio 
1.28 1.33 1.35 1.35 1.38 
Table 72: Granules flow properties after adding dry binders (2) 
 Flow Properties (3/3) 
Parameter 6% Kollidon 
30 
9% Kollidon 
30 
3% Kollidon 
VA 64 
6% Kollidon 
VA 64 
9% Kollidon 
VA 64 
Angle of 
Repose [°] 
39.1 39.6 39.6 39.8 39.6 
Outflow Time 
[s] 
34 25 36 38 28 
Bulk Density 
[g/ml] 
0.42 0.42 0.41 0.41 0.44 
Hausner 
Ratio 
1.36 1.34 1.34 1.33 1.33 
Table 73: Granules flow properties after adding dry binders (3) 
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Overall, the data are at a comparable, rather mediocre level (angle of repose on the 
lower level of “fair”, Hausner ratio states “passable” to “ poor” flow, refer to 2.3.1). 
Neither angle of repose nor the resulting outflow time through the funnel show a clear 
tendency whether higher or lower amounts of dry binders have a beneficial effect on the 
resulting granule flow properties.  
 
 
Tablets Properties 
Crushing Strength 
All formulations are compressed into tablets, as described in 4.5.1. Listed are the 
nominal compression forces and the resulting compression forces as an average across 
30 tablets.  
 
Standard 
Formulation 
Nominal Compression 
Force 6 kN 12 kN 18 kN 24 kN 
Compression Force [kN] 6.05 11.12 18.45 25.34 Trial 1 
Crushing Strength [N] 124.5 203.2 239.6 260.9 
Compression Force [kN] 7.00 12.44 17.90 23.96 Trial 2 
Crushing Strength [N] 146.9 205.6 230 249.5 
Compression Force [kN] 6.52 11.78 18.18 24.65 Average 
Crushing Strength [N] 135.7 204.4 234.8 255.2 
Table 74: Compression Data of the Standard Formulation 
PEG 1500 Nominal Compression Force 6 kN 12 kN 18 kN 24 kN 
Compression Force [kN] 7.00 12.14 18.90 24.53 2% PEG 
1500 Crushing Strength [N] 128.5 171.2 196.0 203.8 
Compression Force [kN] 6.48 12.76 17.88 25.98 3% PEG 
1500: trial 1 Crushing Strength [N] 117.1 167.4 186.8 190.2 
Compression Force [kN] 7.46 12.38 18.36 25.59 3% PEG 
1500: trial 2 Crushing Strength [N] 127.9 162.3 192.3 196.2 
Compression Force [kN] 6.97 12.57 18.12 25.78 3% PEG 
1500: 
average Crushing Strength [N] 122.5 164.9 189.6 193.2 
Compression Force [kN] 6.77 11.76 18.25 24.41 6% PEG 
1500: trial 1 Crushing Strength [N] 107.1 140.9 159.7 161.8 
Compression Force [kN] 6.8 12.2 19.1 25.1 6% PEG 
1500: trial 2 Crushing Strength [N] 108.9 144.9 162.0 165.5 
Compression Force [kN] 6.8 12.0 18.7 24.7 6% PEG 
1500: 
average Crushing Strength [N] 108.0 142.9 160.9 163.7 
Table 75: Compression Data of PEG 1500 
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Figure 43: Compression Force / Crushing Strength Diagram of PEG 1500 (0-6%) 
Increasing the proportion of PEG 1500 in the standard formulation leads to decreased 
tablets crushing strengths. In addition, the curves reach the plateau phase at lower 
compression forces, an indicator for reduced compressibility. 
 
 
 
 
Klucel EXF Nominal Compression Force 6 kN 12 kN 18 kN 24 kN 
Compression Force [kN] 6.38 11.82 18.36 25.75 3% Klucel 
EXF Crushing Strength [N] 138.6 194.8 226.1 235.5 
Compression Force [kN] 6.18 11.94 18.35 25.62 6% Klucel 
EXF Crushing Strength [N] 128.4 184.3 203.6 216.3 
Compression Force [kN] 7.09 11.79 17.40 23.64 9% Klucel 
EXF Crushing Strength [N] 143.3 186.0 212.5 222.7 
Table 76: Compression Data of Klucel EXF 
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Figure 44: Compression Force / Crushing Strength Diagram of Klucel EXF (0-9%) 
Even though the effect is not as strong as for PEG 1500, also Klucel EXF does not 
increase the tablets crushing strength. 
 
 
 
Kollidon 30 Nominal Compression Force 6 kN 12 kN 18 kN 24 kN 
Compression Force [kN] 6.80 11.63 17.88 24.45 3% Kollidon 
30: trial 1 Crushing Strength [N] 143.8 182.4 221.6 225.4 
Compression Force [kN] 6.59 12.98 18.36 27.12 3% Kollidon 
30: trial 2 Crushing Strength [N] 136.2 197.8 232.6 262.0 
Compression Force [kN] 6.70 12.30 18.12 25.79 3% Kollidon 
30: average Crushing Strength [N] 140.00 190.10 227.10 243.70 
Compression Force [kN] 7.08 11.78 17.79 24.35 6% Kollidon 
30: trial 1 Crushing Strength [N] 142.6 200.4 220.1 242.7 
Compression Force [kN] 7.02 12.66 18.58 26.75 6% Kollidon 
30: trial 2 Crushing Strength [N] 138.8 209.3 231.1 255.3 
Compression Force [kN] 7.05 12.22 18.18 25.55 6% Kollidon 
30: average Crushing Strength [N] 140.70 204.85 225.60 249.00 
Compression Force [kN] 6.52 12.69 18.18 24.97 9% Kollidon 
30 Crushing Strength [N] 116.2 197.8 219.2 235.3 
Table 77: Compression Data of Kollidon 30 
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Figure 45: Compression Force / Crushing Strength Diagram of Kollidon 30 (0-9%) 
For Kollidon 30, the negative effect of adding dry binders is relatively small: especially 
the 3% and 6% curves are very close to the standard formulation. This is a very good 
result in the presence of microcrystalline cellulose with its excellent compressibility. 
 
 
 
Kollidon VA 
64 
Nominal Compression 
Force 6 kN 12 kN 18 kN 24 kN 
Compression Force [kN] 6.59 12.09 17.88 24.93 3% Kollidon 
VA 64: trial 1 Crushing Strength [N] 150.6 198.0 238.8 244.0 
Compression Force [kN] 6.93 13.10 18.36 25.46 3% Kollidon 
VA 64: trial 2 Crushing Strength [N] 138.3 209.5 238.7 260.7 
Compression Force [kN] 6.76 12.59 18.12 25.20 3% Kollidon 
VA 64: 
average Crushing Strength [N] 144. 5 203.8 238.8 252.4 
Compression Force [kN] 7.02 11.50 18.01 25.11 6% Kollidon 
VA 64: trial 1 Crushing Strength [N] 160.6 200.2 235.0 241.0 
Compression Force [kN] 6.73 12.96 19.00 24.10 6% Kollidon 
VA 64: trial 2 Crushing Strength [N] 137.2 213.9 246.3 251.0 
Compression Force [kN] 6.88 12.23 18.50 24.60 6% Kollidon 
VA 64: 
average Crushing Strength [N] 148.9 207.1 240.6 246.0 
Compression Force [kN] 6.60 11.52 18.61 25.04 9% Kollidon 
VA 64 Crushing Strength [N] 136.3 194.9 237.3 248.8 
Table 78: Compression Data of Kollidon VA 64 
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Figure 46: Compression Force / Crushing Strength Diagram of Kollidon VA 64 (0-9%) 
Even better than Kollidon 30, the Kollidon VA 64 curves are nearly identical to the 
standard formulation. This describes the excellent binder capabilities of Kollidon VA 64: 
it is on a comparable level with microcrystalline cellulose – independent from the 
Kollidon VA 64 proportion (within the assessed range). 
 
Friability 
According to the European Pharmacopoeia, 2007, the friability of uncoated tablets with 
an average mass < 0.65 g has to be below 1%. This requirement is used as reference 
and limit for the trials. The test is performed with 20 tablets per trial, evaluating the four 
dry binders in the corresponding concentrations and applied tabletting compression 
forces listed in the chapters above.  
Overall, the results are at a comparable, very high level with friability data below 1%. It 
can be assumed that the low variability is based on the excellent binder properties of 
microcrystalline cellulose – the relatively low amounts of dry binders are hardly 
supposed to affect the friability results.  
 
Tablets Mass Variations 
While tabletting the blends in different concentrations with increasing compression 
forces, some variation in the resulting tablet weights can be expected. However, if these 
variations would correlate to dry binder type or concentration, indirect conclusions about 
the filling process and therefore the granule flow characteristics could be drawn. 
As a reference, the tablets should correspond with the requirements of European 
Pharmacopoeia, 2007 and United States Pharmacopeia – National Formulary, 2007: 
maximally 7.5% mass variation for single plain tablets. For these trials, the average 
tablet mass and respective standard deviation data derived from n=50 (USP/Ph. Eur.:  
n=10) individually weighted tablets.  
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Standard 
Formulation 6 kN 12 kN 18 kN 24 kN 
Tablet Mass 197.95 mg 194.95 mg 197.41 mg 197.10 mg 
s rel 1.20 1.38 1.25 1.39 
Table 79: Tablet Mass Variations of the Standard Formulation 
PEG 1500 Parameter 6 kN 12 kN 18 kN 24 kN 
Tablet Mass 201.21 mg 203.62 mg 203.64 mg 204.01 mg2% PEG 
1500 s rel 1.58 1.29 1.13 1.24 
Tablet Mass 203.64 mg 203.28 mg 203.20 mg 207.72 mg3% PEG 
1500 s rel 1.30 1.19 1.52 1.29 
Tablet Mass 205.60 mg 202.76 mg 204.00 mg 203.33 mg6% PEG 
1500 s rel 1.24 1.21 1.29 1.44 
Table 80: Tablet Mass Variations of PEG 1500 
Klucel EXF Parameter 6 kN 12 kN 18 kN 24 kN 
Tablet Mass 202.63 mg 203.21 mg 204.20 mg 202.40 mg3% Klucel 
EXF s rel 1.28 1.05 1.25 1.24 
Tablet Mass 199.21 mg 200.53 mg 201.30 mg 197.54 mg6% Klucel 
EXF s rel 1.46 1.33 1.23 1.24 
Tablet Mass 198.17 mg 199.13 mg 195.62 mg 199.71 mg9% Klucel 
EXF s rel 1.45 1.34 1.27 1.15 
Table 81: Tablet Mass Variations of Klucel EXF 
Kollidon 30 Parameter 6 kN 12 kN 18 kN 24 kN 
Tablet Mass 190.14 mg 189.73 mg 190.24 mg 189.05 mg3% Kollidon 
30 s rel 1.59 1.22 1.36 1.17 
Tablet Mass 199.50 mg 198.74 mg 198.05 mg 192.21 mg6% Kollidon 
30 s rel 1.22 1.45 1.40 1.23 
Tablet Mass 199.44 mg 199.31 mg 198.80 mg 198.27 mg9% Kollidon 
30 s rel 1.18 1.16 1.03 1.11 
Table 82: Tablet Mass Variations of Kollidon 30 
Kollidon VA 
64 
Parameter 6 kN 12 kN 18 kN 24 kN 
Tablet Mass 199.57 mg 201.92 mg 202.00 mg 200.06 mg3% Kollidon 
VA 64 s rel 1.23 1.08 1.02 0.94 
Tablet Mass 200.08 mg 202.26 mg 201.35 mg 199.04 mg6% Kollidon 
VA 64 s rel 1.35 1.14 1.38 1.31 
Tablet Mass 195.77 mg 196.11 mg 198.03 mg 196.12 mg9% Kollidon 
VA 64 s rel 1.44 1.48 1.36 1.35 
Table 83: Tablet Mass Variations of Kollidon VA 64 
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Obviously, for all formulations the tablet mass relative standard deviations are at an 
uncritical level, far below the compendial requirements. This is valid for the standard 
formulation as well as for the different dry binder blends. 
Consequently it is difficult to evaluate the minor variations between the different 
formulations: only high proportions of Kollidon 30 and low proportions of Kollidon VA 64 
reduced the tablet mass variations to a certain extend, especially at higher compression 
forces.  
 
 
 
Tablets Disintegration 
Due to the absence of retarding agents, the compendial requirements for immediate 
release tablets are to be applied (even though no APIs are present), demanding tablets 
disintegration within 15 minutes (European Pharmacopoeia, 2007 and United States 
Pharmacopeia – National Formulary, 2007). The process analytical equipment as listed 
in 2.2 corresponds with the formal requirements. 
 
Table 84 shows the average disintegration time of n=6 tablets is listed.  
 
Formulation 6 kN 12 kN 18 kN 24 kN 
Standard 
Formulation 
0.5 min 0.9 min 1.4 min 1.7 min 
2% PEG 1500 0.3 min 1.0 min 2.3 min 4.1 min 
3% PEG 1500 0.3 min 1.4 min 2.2 min 4.6 min 
6% PEG 1500 0.3 min 2.3 min 4.8 min 5.1 min 
3% Klucel EXF 0.6 min 8.2 min 21.9 min 27.2 min 
6% Klucel EXF 1.8 min 18.4 min 33.8 min 35.9 min 
9% Klucel EXF 26.1 min 57.1 min > 60.0 min > 60.0 min 
3% Kollidon 30 0.9 min 9.0 min 22.3 min 27.8 min 
6% Kollidon 30 4.2 min 19.9 min 37.3 min 47.4 min 
9% Kollidon 30 4.8 min 51.8 min 55.6 min > 60.0 min 
3% Kollidon VA 64 1.9 min 17.2 min 32.0 min 37.5 min 
6% Kollidon VA 64 12.8 min 29.9 min 46.9 min 50.2 min 
9% Kollidon VA 64 11.8 min 35.0 min 57.4 min > 60.0 min 
Table 84: Dry Binders: Tablets Disintegration Time 
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Figure 47: Disintegration Time of PEG 1500 Tablets (0-6%) 
 
 
Tablets Disintegration: 0-9% Klucel EXF
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Figure 48: Disintegration Time of Klucel EXF Tablets (0-9%) 
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Figure 49: Disintegration Time of Kollidon 30 Tablets (0-9%) 
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Figure 50: Disintegration Time of Kollidon VA 64 Tablets (0-9%) 
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The standard formulation disintegrates very fast within two minutes, even tablets with 
high crushing strengths above 250 N. A reason for this effect is the insolubility of 
microcrystalline cellulose in the disintegration media (water at 37 °C) in combination 
with its increasing volume: water is easily drawn into the pores by capillary forces, being 
intense due to the fiber structure of microcrystalline cellulose (refer to 1.2.1 for SEM-
pictures of Avicel PH 101). These properties are beneficial for fast disintegration (see 
Ritschel and Bauer-Brandl, 2002, page 128), whereas the additional five dry binders are 
soluble under these conditions (refer to 2.1.2 “Excipients physical Properties”, Table 4) 
– potentially increasing disintegration time. 
 
The soluble, additional dry binders were added in different proportions to the standard 
formulation with the aim to reduce the amount of fine particles < 0.1 mm after milling the 
ribbons. But obviously also most of the added dry binders have a negative impact by 
extending the tablets disintegration time. Valid for all formulations is an increase of 
disintegration time at higher compression forces, with strongly varying extends:  
 
PEG 1500 is the only dry binder within these experiments with an uncritically low impact 
on disintegration properties – even 6% PEG 1500 in combination with high compression 
forces do not exceed 5 minutes disintegration time. 
 
Apart from the compression force, the Klucel EXF disintegration behavior strongly 
depends on the dry binder proportion: lower concentrations pass the 15 minutes limit 
(3% Klucel EXF is rather uncritical with compression forces up to 12 kN; for 6% Klucel 
EXF only 6 kN can be applied), whereas tablets with 9% Klucel EXF fail the 15 minutes 
limit. 
 
For Kollidon 30, only tablets manufactured with 6 kN compression force are below the 
15 minutes limit, higher proportions and compression forces strongly increase 
disintegration time up to one hour. Concerning tablets disintegration, the compression 
force dependency seems to be more prominent than the dry binder concentration. 
 
The Kollidon VA 64 curves are comparable to Kollidon 30, whereas the disintegration 
time at 6 kN compression force is again higher for 6% and 9% Kollidon VA 64. For 
further evaluation, a fine particle grade PVP/VA copolymer could be considered, as 
described by Herting et al., 2007. 
 
For formulation optimization, the addition of disintegrants would be useful to reduce 
disintegration time in general, but also to generate some safety margin for the 
formulations around the 15 minutes disintegration time limit.  
 
For single-step granulation/tabletting, a novel, non-RC technique for the production of 
tablets with porous, sponge-like internal structure (Vermeire et al., 2005), the results are 
assumed to differ. 
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4.5.3 Discussion 
Initially, fixed dry binder proportions of 3% and 6% were added to the standard 
formulation to evaluate their impact on the critical fine particles fraction < 0.1 mm. 
Obviously PEG 4000 did not reduce the amount of fines, so no further trials were 
performed. Unlike PEG 4000, lower proportions of PEG 1500, respectively higher 
proportions of Klucel EXF and the two Kollidon grades prove to be beneficial in fines 
reduction: 
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Figure 51: 3% and 6% Dry Binders: Overview (mean, min and max) 
To assess the optimal proportions, a second set of trials was conducted with again 
lower percentage for PEG 1500 and higher for the other three types: 3% PEG 1500 and 
9% Kollidon 30 improved the (already very good) standard formulation concerning the 
granule amount of fines < 0.1 mm: 
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Figure 52: Dry Binders optimized Proportions: Overview (mean, min and max) 
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Even the low percentage of 3% PEG 1500 improves the amount of fine particles 
< 0.1 mm by a reduction of 3.6%. Also the batch-to-batch variation (minimal / maximal 
amount of fines from n = 3 trials) could strongly be improved from 7% for the standard 
formulation to only 1.2% with PEG 1500. 
The melting range of 40 - 44 °C is the lowest of the five added dry binders (refer to 2.1.2 
“Excipients physical Properties”, Table 4). As a hypothesis, during roller compaction as 
well as during the compression into tablets, the applied pressure and therefore locally 
increased equipment temperature could have an (at least partial) melting effect on the 
PEG 1500. This could reduce the particles friction during roller compaction (primary 
particles) and tabletting (granules) and improve local flow, possibly also lubrication. As a 
consequence, the mentioned effects would improve homogeneity of ribbons and tablets, 
and reduce the extend of voids and defects. This has a positive impact on the milling 
process and batch-to-batch variability. 
 
For polyvinylpyrrolidone, type Kollidon 30, a proportion of 9% is required for fines 
reduction by very good 6.1%, the batch-to-batch variation is superior to the standard 
formulation (below 3%).  
The other three dry binders were not beneficial over the MCC standard formulation: 
- Hydroxypropyl cellulose, type Klucel EXF, performed best with 6% proportion, even 
though the benefit in terms of fines reduction is only below 2%, in combination with 
poor batch to batch variation of 12.2% 
- PVP/VA copolymer, type Kollidon VA 64, was not as effective as Kollidon 30: with 
3.4% fines reduction it is on the PEG 1500 level, but with higher batch to batch 
variations (minimal / maximal excursions of 10%) 
- As mentioned before, PEG 4000 did not reduce the amount of fines at all and was 
therefore excluded. 
 
The different dry binder / microcrystalline cellulose formulations were compressed into 
tablets, applying four compression forces. To simplify the data in 4.5.2, only the dry 
binders in their preferred concentrations (as described above) are considered. For the 
purpose of further simplification / standardization concerning the applied compression 
force range, the focus of attention is solely on the 12 kN setting (typical, practically 
relevant value for this formulation type / tablet size; data available for all dry binder trials 
being conducted).  
All formulations do result in sufficiently high crushing strengths, even though there are 
differences: PEG 1500 reduces the high standard formulation’s crushing strength (from 
204 N to 165 N), Klucel EXF is superior to PEG 1500 (185 N), but only Kollidon 30 
(198 N) and Kollidon VA 64 (207 N) are able to generate tablets on the level of the 
standard formulation.  
None of the dry binders types (in any concentration assessed) improved the poor 
granule flow remarkably. However, the general target of low, good results in tablets 
mass relative standard deviation is achieved with values of 1.2 - 1.4%. Therefore the 
granules flow, determining tablets mass uniformity to a high extend, already is at a 
sufficient  level.  
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Looking into tablets disintegration time, the 15 minutes limit for IR tablets is no problem 
for the standard formulation, also with PEG 1500 added – the other three dry binders 
fail in the disintegration test.  
A reason for the poor disintegration of tablets with HPC is that during disintegration /  
dissolution a gel is formed, blocking the penetration of water into the tablet (Herting et 
al., 2007). For dissolution testing considerations refer to Brown et al., 2004. 
 
 
Table 85 shows the major results of the dry binders evaluation are summarized: 
 
Parameter Standard Formulation 
PEG 1500 
added 
Klucel EXF 
added 
Kollidon 30 
added 
Kollidon VA 
64 added 
Preferred 
Amount   
of Dry Binder 
N/A 3%  6% 9% 6%  
Reduction of 
Fines < 0.1 mm 
(Main Focus) 
reference: 
50.7% fines 
- 3.6% fines
++ 
- 1.9% fines
+ 
- 6.1% fines 
+++ 
- 3.4% fines
++ 
Fines: Batch to 
Batch Variability 
(3 runs: min/max) 
7.0% 
+ 
1.2% 
+++ 
12.2% 
- -  
2.9% 
++ 
10.0% 
-  
Tablets 
Crushing 
Strength (12 kN) 
204 N 
+ 
165 N 
- -  
185 N 
-  
198 N 
+ 
207 N 
+ 
Tablets Mass 
Variation (12 kN) 
s rel = 1.38 
+ 
s rel = 1.19 
+ 
s rel = 1.33 
+ 
s rel = 1.16 
+ 
s rel = 1.31 
+ 
Tablets 
Disintegration 
(15 min limit) 
0.9 min 
+ 
1.4 min 
+ 
18.4 min 
-  
51.8 min 
- - - 
29.9 min 
- -  
Table 85: Impact of Dry Binders on Granules and Tablets Properties 
 
Again, the five dry binders were added with the intent to improve the already highly 
efficient filler/binder microcrystalline cellulose, either for one of the parameters in the 
above table, or (preferably) for all parameters. Especially two dry binders could reach 
the first target of partial improvement, though associated with inherent drawbacks: 
Even 3% PEG 1500 reduces fines by 3.6% in combination with improved batch to batch 
variation, being the only formulation not prolonging the tablet disintegration time 
significantly. This can help especially for critical formulations suffering herein – if the 
tablets crushing strength reduction by approximately 20% is acceptable. 
Larhrib et al., 1997, evaluated PEG 1500 - 10000 in a RC simulation / tabletting 
process. They  preferred the higher grades due to improved tablets properties, whereas 
disintegration  or dissolution testing was not conducted. 
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9% of polyvinylpyrrolidone, type Kollidon 30, cause fines reduction by 6.1%, the best 
overall result. The crushing strength is on the very high level of the standard 
formulation, batch-to-batch variation is even superior to it (below 3%). As a drawback, 
disintegration time is more than three times higher than the 15 minutes limit. However, 
even though not tested here, it can be assumed that this effect could be overcome at 
least partially by adding superdisintegrants. The long disintegration time could 
intentionally be used for controlled release purposes, but the high compression force 
dependency has to be considered thoroughly: small changes have the consequence of 
highly varying disintegration times.  
For controlled release RC applications, also other excipients could be considered 
(Hariharam et al., 2004: glyceryl behenate, HPMC; Mitchell and Balwinski, 2007: 
HPMC). 
For further evaluation of the dry binders capabilities, the impact on multiple compression 
could be worthwhile, as pure MCC loses parts of its plastic deformability by each re-
compaction step (Bultmann, 2002). 
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4.6 Compression Studies 
4.6.1 Objective 
On the way to adequate tablet’s physical properties, the key is to select the ideal 
formulation and manufacturing process for the individual purpose. Generally looking into 
a solvent-free process, there are differences between tablets deriving from direct 
tabletting or roller compaction / tabletting, but also similarities. Even though the 
processes differ significantly (mainly: additional compaction with long dwell time, milling 
operation; Gupta et al., 2005: differences resulting from frictional forces during roller 
compaction; Zinchuk et al., 2004: batch process single tablet vs. continuous RC 
process, RC material feeding patterns). However, to a certain extend cross-referencing 
of these similarities offers the chance to draw conclusions from direct tabletting data to 
roller compaction / tabletting data (and vice versa).  
It would be beneficial to make roller compaction feasibility more predictable: compared 
to a small scale direct tabletting trial on a rotary tablet press, usually a pilot scale roller 
compaction run requires more powder due to material losses during the start-up and 
shut down compaction phases. Moreover, lead times (if several compaction forces are 
applied) as well as ribbon milling and granule tabletting are again associated with 
losses.  
Zinchuk et al., 2004, evaluated a lab scale custom-built compaction simulator. Another 
alternative, commercially available and even faster and less material consuming than 
direct tabletting, is the Texture Analyzer (TA, refer to pages 32 and 142). Its suitability 
was evaluated by assessing individual powder portion’s densification and ribbon’s 
crushing strength / ribbon’s crushing strength AUC data.  
Consequently, compression trials are to be performed with the powders under 
evaluation: pure excipients and the rather formulation-like 1:1 blends with micro-
crystalline cellulose (refer to page 144). The objective is to get information about the 
manufacturing methods comparability (direct tabletting vs. roller compaction/tabletting 
vs. TA compression) and their extend of predictability. The data will be judged by a 
linear rating system. 
In parallel to comparing the methods, also the different excipients/blends potential use 
as valuable roller compaction ingredients is assessed.  
 
As stated by Grulke et al., 2004, there is still a lack of information on granules and the 
impact of excipients blends. 
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Direct Tabletting vs. Roller Compaction: Formulations 
As an example, Figure 53 shows the results of two slightly different formulations (refer 
to 4.5.2): the standard formulation and after adding 6% of the dry binder PEG 1500 
(refer to 4.5): 
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Figure 53: Direct Tabletting vs. Roller Compaction (Example PEG 1500: 0 and 6%) 
The tabletting process was performed under similar conditions (refer to 4.5.1), with 
crushing strength testing of n = 30 tablets.  
 
Looking at the curvature of the graphs it is obvious that the tablets crushing strength 
suffers from the intermediate densification of the roller compaction process (here: 
6 kN/cm applied). Nevertheless, even though being at different levels, the curvatures of 
the corresponding formulations graphs are comparable. As the two formulations are 
based on microcrystalline cellulose (and its prominent plastic deformation behavior – in 
this example also valid for PEG), the evaluation of different excipients is required to 
draw overall conclusions about their interactions and interdependencies. This includes 
the slopes and levels of compression force / crushing strength diagrams as well as 
Texture Analyzer data.  
As a consequence, the slopes of the different excipients compression diagrams will be 
calculated and compared.  
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Direct Tabletting vs. Roller Compaction: Example Compaction Forces 
In 1.1, roller compaction’s pros and cons are described, as well as the typical powder 
properties for this process. Even though many benefits are related to the roller 
compaction process, densifying powders will reduce their ability to subsequently form 
strong tablets to a certain extend. The effect of this limitation is e.g. determined by the 
compression behaviour of the excipient (plastic, elastic, brittle materials). For these 
trials, microcrystalline cellulose is used as standard excipient – exhibiting mainly plastic 
compression characteristics. 
The amount of this pre-densifying process step is defined by the compression force 
setting of the roller compactor. As being closer to typical formulations in terms of particle 
size distribution and limited compressibility, MCC type Avicel PH 200 was selected 
exemplary to visualize this effect: the powder was roller compacted with 3, 6, 9 and 
12 kN/cm compression force, milled and compressed into 200 mg tablets. 
 
Compression into Tablets after  
Roller Compaction with 3 kN/cm 
Nominal Compr. Force 6 kN 12 kN 18 kN 24 kN 
Compr. Force 6 kN 12 kN 18 kN 26 kN 
Crushing Strength 70 N 85 N 90 N 95 N 
Tablet Height 2.5 mm 2.3 mm 2.3 mm 2.3 mm 
Tablet Mass 202.1 mg 202.5 mg 202.2 mg 202.6 mg 
Table 86: Avicel 200 – Compressibility Data after RC with 3 kN Compaction Force 
 
Compression into Tablets after  
Roller Compaction with 6 kN/cm 
Nominal Compr. 
Force 6 kN 12 kN 18 kN 24 kN 
Compr. Force 6 kN 13 kN 18 kN 24 kN 
Crushing Strength 39 N 60 N 64 N 66 N 
Tablet Height 2.6 mm 2.3 mm 2.3 mm 2.3 mm 
Tablet Mass 200.7 mg 200.6 mg 200.9 mg 200.3 mg 
Table 87: Avicel 200 – Compressibility Data after RC with 6 kN Compaction Force 
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Compression into Tablets after  
Roller Compaction with 9 kN/cm 
Nominal Compr. Force 6 kN 12 kN 18 kN 24 kN 
Compr. Force 7 kN 13 kN 19 kN 25 kN 
Crushing Strength 28 N 40 N 45 N 47 N 
Tablet Height 2.5 mm 2.4 mm 2.3 mm 2.3 mm 
Tablet Mass 200.5 mg 201.5 mg 201.0 mg 199.8 mg 
Table 88: Avicel 200 – Compressibility Data after RC with 9 kN Compaction Force 
 
Compression into Tablets after  
Roller Compaction with 12 kN/cm 
Nominal Compr. Force 6 kN 12 kN 18 kN 24 kN 
Crushing Strength 28 N 40 N 45 N 47 N 
Compr. Force 7 kN 12 kN 19 kN 25 kN 
Crushing Strength 18 N 30 N 36 N 37 N 
Tablet Height 2.5 mm 2.4 mm 2.3 mm 2.3 mm 
Tablet Mass 200.1 mg 200.4 mg 199.9 mg 201.9 mg 
Table 89: Avicel 200 – Compressibility Data after RC with 12 kN Compaction Force 
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Figure 54: Avicel 200 – Compressibility Data after RC with different Compaction Forces 
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Comparing the graphs it is obvious that applying higher compaction forces strongly 
reduces the tablet’s crushing strength. This effect does not progress in a linear mode: 
the difference at lower compaction forces is relatively high (3 → 6 kN/cm), whereas it 
becomes less evident for higher compaction forces (9 → 12 kN/cm). 
However, increasing compaction forces also impact the deriving PSDs: 
 
 Different Roller Compaction Forces: Residues [%] 
Sieve 
Fraction 3 kN/cm 6 kN/cm 9 kN/cm 12 kN/cm 
< 0.1 mm 16.32 11.24 9.97 13.02 
0.1 mm 32.31 25.65 23.02 26.58 
0.2 mm 32.19 27.39 23.95 23.60 
0.315 mm 12.51 17.36 17.73 16.12 
0.5 mm 3.24 6.51 7.77 6.31 
0.63 mm 3.36 11.48 16.99 13.92 
1.0 mm 0.09 0.36 0.58 0.45 
Table 90: PSD after Roller Compaction with different Compaction Forces 
 
Avicel PH 200: Particle Size Distributions after 
Roller Compaction with different Compaction Forces
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Figure 55: Avicel 200 – PSD after RC with different Compaction Forces 
The amount of fine particles < 0.1 mm is relatively low as a consequence of using Avicel 
PH 200: its d50 of 190 µm is larger than the 0.1 mm screen. This is different for smaller 
excipients such as Avicel PH 101 (d50 of 63 µm, refer to Table 3: Excipients PSDs on 
page 28), typically resulting in higher amount of fines but also higher tablets crushing 
strengths (refer to 4.3) due to its higher contact surface area. Here, the 3 kN/cm particle 
size distribution consists of more fines than those of the higher compaction forces, 
being at a comparable level with more coarse particles. The fines reduction does not 
increase while exceeding the compaction force 9 kN/cm, on the contrary:  
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it can be assumed that this high pressure destroys the relatively large primary particles 
of Avicel PH 200, generating smaller fragments. Another hypothesis refers to the 
granulation process: if the ribbons are mechanically very stable, the processing time 
can increase in a way, that the ribbons are rather rubbed off than cut by the rotor-/sieve-
system. 
However, to characterize the mechanical strength of powders, granules and ribbons, a 
Texture Analyzer can be a powerful tool. 
 
 
Picture 41: TA Overview 
 
Texture Analyzer: Ribbons Properties 
A Texture Analyzer (TA) consists of a mechanically stable framework, where a vertically 
movable arm, equipped with a load cell, applies defined force to the material under 
investigation via variable tools.  
 
 
Picture 42: TA Tooling to assess Ribbon’s Crushing Strength 
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One purpose of the TA trials is to assess the crushing strength of the ribbons. 
Moreover, also the respective AUC data is recorded to evaluate their data for potential 
correlations. The free distance between the two clamps is 12 mm, the ribbons are 
placed on the tool with their arch up. The minimal ribbon’s length of approx 20-25 mm 
can be a potential drawback, as not all formulations deliver intact ribbons. It has to be 
considered that the ribbons crushing strength and its AUC data strongly depends on the 
ribbons dimensions (here: 3 mm height, 25 mm width) and the TA set-up described 
above. The nominal height determination is based on the RC gap setting of 3 mm 
(leaving minor variability by elastic recovery of the ribbons aside). Prerequisite is the 
presence of intact, non-layered ribbons. To correlate the properties of the intermediate 
ribbons to the initial powder as starting material, a TA can also be used sensibly. 
 
 
 
 
Texture Analyzer: Powder Properties 
The Texture Analyzer is also used to compress powders: the lower punch is fixed in a 
die, the upper punch compresses the powders (individually weighed in). Compared to a 
tablet press, a TA is much slower in compression speed, but allows individual speed 
settings for the up and down movement of the upper tooling, including the option for a 
defined hold time. In addition, this technique allows more precise force measurement 
and generates detailed data of punch placement over time, applied forces and rebound 
forces of the investigated material. For the TA settings, please refer to 2.2. Refer to 
page 192 for direct comparison of TA, DT and RC real-time displacement and 
densification curves. 
For these trials the powder volume is kept constant to the maximum fill volume of the 
die to increase accuracy and reproducibility. This results in different tablet weights for 
materials with different bulk density. Compression force and tablet height are checked, 
allowing the calculation of compression force value per mg tablet weight to compare 
different materials (refer to page 185). 
 
 
 
Picture 43: TA setting to compress Powders 
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Selected Excipients / Formulations 
For the comparison of the different excipients the following are chosen: mannitol (type 
Pearlitol SD 200), lactose (type Tablettose 70) and pregelatinized starch (type Cerestar 
93000), in accordance to chapter 2.1 “Excipients”. Due to the beneficial properties of 
microcrystalline cellulose as major roller compaction ingredient, also 1:1 mixtures with 
the excipients are assessed.  
 
Excipients / Formulations 
Excipient Amount of  
Magnesium Stearate 
Avicel PH 101 0.25% 
Avicel PH 200 0.25% 
Tablettose 70 0.50% 
Pearlitol SD 200 2.00% 
Cerestar 93000 0.50% 
Tablettose 70 – 1:1 with Avicel PH 101 0.38% 
Cerestar 93000 – 1:1 with Avicel PH 101 0.38% 
Pearlitol SD 200 – 1:1 with Avicel PH 101 1.13% 
Table 91: Selected Excipients / Formulations for Compression Trials 
The amount of magnesium stearate per individual excipient is based on literature 
references, mainly R. C. Rowe, P. J. Sheskey and S. C. Owen, Pharmaceutical 
Excipients (Electronic version); Pharmaceutical Press and American Pharmacists 
Association, 2006. For the 1:1 blends, the magnesium stearate content was calculated 
as average of the pure excipient value (0.5 - 2%) and the Avicel PH 101 value (0.25%). 
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Specific Settings / Manufacture  
 
For this set of experiments, only a limited amount of excipients was available. Deviating 
from the equipment and standard set-up list in 2.2, Table 92 shows the required 
adaptions to  enable manufacture of smaller batch sizes: 
 
Equipment  Type Set-Up 
Bin blender Turbula 10B - 1.5 min 
- 30 rpm 
Blending container Bin, 10 l - n/a 
Roller compactor Gerteis MINI-
PACTOR M1089 
- roller speed 3 rpm 
Mill Frewitt GLA_ORV - standard set-up, refer to 2.2 
Tablet press Kilian rotary press 
RUD 
- 10 punches (fully equipped) 
- tablet press speed 8000 
tablets/hour 
- 9 mm flat shaped tooling 
- tablet target weight 200 mg 
Table 92: Selected Equipment and deviating Set-up for Compression Trials 
 
 
Other authors chose larger, rectangular tablet tooling (Gupta et al., 2005, 15 x 40 mm; 
Zinchuk et al., 2004, 10 x 22 mm) in order to mimic ribbons dimensions better than 
compressing into smaller, round tablets. However, as ribbons are typically much 
larger/longer, there is strong evidence that this effect can be neglected.  
 
 
The crushing strength evaluation of the tablets deriving from DT experiments are 
repeated after 14 days of storage under controlled conditions (refer to 2.3.2). If the data 
from instant and later evaluation differ, it can be assumed that this effect is excipient 
based, so also the other experiments (RC, TA) have to be repeated. 
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4.6.2 Results 
Excipients physical Properties  
 
 Physical Properties: Pure Excipients  
Excipient 
Avicel PH 
101 +  
0.25% Mg st 
Avicel PH 
200 +  
0.25% Mg st
Tablettose 
70 
+ 0.5% Mg st
Cerestar 
93000 +  
0.5% Mg st 
Pearlitol 200
+ 2% Mg st
Bulk Density 0.37 g/cm3 0.39 g/cm3 0.61 g/cm3 0.51 g/cm3 0.52 g/cm3 
Tapped Density 0.46 g/cm3 0.47 g/cm3 0.68 g/cm3 0.68 g/cm3 0.61 g/cm3 
Loss on Drying 3.8% 5.3% 0.4% 9.9% 0.3% 
Table 93: Pure Excipients – Physical Properties 
 
 Physical Properties: Excipients 1:1 with Avicel PH 101  
Excipient Tablettose 70 1:1 
with Avicel PH 101
+ 0.38% Mg st 
Cerestar 93000 1:1 
with Avicel PH 101
+ 0.38% Mg st 
Pearlitol 200 1:1 
with Avicel PH 101
+ 1.13% Mg st 
Bulk Density 0.45 g/cm3 0.38 g/cm3 0.42 g/cm3 
Tapped Density 0.63 g/cm3 0.53 g/cm3 0.57 g/cm3 
Calculated True 
Density  
1.57 g/cm3 1.56 g/cm3 1.55 g/cm3 
Loss on Drying 2.1% 6.7% 2.0% 
Table 94: Excipients 1:1 with Avicel PH 101 – Physical Properties 
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Excipients Flow Properties 
All formulations are checked for their flow properties before and after roller compaction. 
The data in the tables represents the average data of n = 3 trials. 
 
 Flow Properties: Pure Excipients 
Excipient Avicel PH 
101 +  
0.25% Mg st 
Avicel PH 
200 +  
0.25% Mg st
Tablettose 
70 +  
0.5% Mg st
Cerestar 
93000 + 
0.5% Mg st 
Pearlitol 200
+ 2% Mg st
Hausner Ratio 1.24 1.21 1.11 1.33 1.17 
Angle of 
Repose  
40.5° 30.1° 40.0° 34.5° 30.4° 
Outflow Time 102 s 14 s 45 s 54 s 16 s 
Free / manually 
forced Flow 
Manually 
Forced Flow 
Free Flow Free Flow 
Manually 
Forced Flow 
Manually 
Forced Flow
Table 95: Pure Excipients – Flow Properties 
 
 Flow Properties: Excipients 1:1 with Avicel PH 101  
Excipient Tablettose 70 1:1 
with Avicel PH 101
+ 0.38% Mg st 
Cerestar 93000 1:1 
with Avicel PH 101
+ 0.38% Mg st 
Pearlitol 200 1:1 
with Avicel PH 101
+ 1.13% Mg st 
Hausner Ratio 1.40 1.39 1.36 
Angle of Repose 40.7° 39.6° 37.5° 
Outflow Time 106 s 105 s 27 s 
Free / manually 
forced Flow 
Manually Forced 
Flow 
Manually Forced 
Flow 
Manually Forced 
Flow 
Table 96: Excipients 1:1 with Avicel PH 101 – Flow Properties 
 
 
Flow Properties: Granules of Pure Excipients  
after Roller Compaction and Milling 
Excipient Avicel PH 
101 +  
0.25% Mg st 
Avicel PH 
200 +  
0.25% Mg st
Tablettose 
70 +  
0.5% Mg st
Cerestar 
93000 + 
0.5% Mg st 
Pearlitol 200
+ 2% Mg st
Angle of 
Repose 
38.4° 34.5° 38.6° 33.4° 33.4° 
Outflow Time  38 s 16 s 45 s 15 s 111 s 
Free / manually 
forced Flow 
Manually 
Forced Flow 
Manually 
Forced Flow
Manually 
Forced Flow
Manually 
Forced Flow 
Manually 
Forced Flow
Table 97: Granules of Pure Excipients after Roller Compaction and Milling – Flow Properties 
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Flow Properties: Granules of Excipients 1:1 with Avicel PH 
101 after Roller Compaction and Milling 
Excipient Tablettose 70 1:1 
with Avicel PH 101
+ 0.38% Mg st 
Cerestar 93000 1:1 
with Avicel PH 101
+ 0.38% Mg st 
Pearlitol 200 1:1 
with Avicel PH 101
+ 1.13% Mg st 
Angle of Repose 41.3° 35.8° 42.0° 
Outflow Time  37 s 17 s 113 s 
Free / manually 
forced Flow 
Manually Forced 
Flow 
Free Flow 
Manually Forced 
Flow 
Table 98: Granules of Excipients 1:1 with Avicel PH 101 after RC and Milling – Flow Properties 
Please refer to 2.3.1 for an overview of the angle of repose ratings.  
 
 
Tablets and Ribbons Properties 
Avicel PH 101 – Direct Tabletting 
 
Avicel PH 101 + 0.25% Magnesium stearate:  
Compression into Tablets 
Nominal Compr. 
Force 6 kN 12 kN 18 kN 24 kN 
Compression Force 6 kN 12 kN 20 kN 24 kN 
Tablet Mass, n=10 201.2 mg 201.4 mg 202.2 mg 201.9 mg 
min 196.0 mg 197.0 mg 201.5 mg 198.2 mg 
max 203.9 mg 205.4 mg 203.4 mg 204.2 mg 
Rel. Standard Dev. 1.08% 1.19% 0.27% 0.87% 
Tablet Height, n=10 2.60 mm 2.40 mm 2.30 mm 2.30 mm 
min 2.57 mm 2.34 mm 2.29 mm 2.27 mm 
max 2.63 mm 2.40 mm 2.31 mm 2.32 mm 
Rel. Standard Dev. 0.79% 0.75% 0.30% 0.62% 
Tablet Crushing 
Strength, n=10 
203 N 285 N 329 N 311 N 
min 178 N 244 N 284 N 278 N 
max 224 N 318 N 348 N 352 N 
Rel. Standard Dev. 5.97% 7.40% 5.38% 8.25% 
Repeated 14 days: 
Compression Force 
6 kN 12 kN 20 kN 24 kN 
Repeated 14 days: 
Tablet Crushing 
Strength, n=10 
192 N 296 N 317 N 355 N 
Table 99: Avicel PH 101 – Compression into Tablets (Standard Formulation) 
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Avicel PH 101 – Tabletting after Roller Compaction 
 
Avicel PH 101 + 0.25% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 13 kN 18 kN 
Tablet Mass, n=10 196.7 mg 202.4 mg 204.5 mg 203.0 mg 
min 190.2 mg 196.4 mg 199.2 mg 195.9 mg 
max 203.5 mg 207.8 mg 208.3 mg 209.1 mg 
Rel. Standard Dev. 1.58% 1.48% 1.30% 1.74% 
Tablet Height, n=10 2.63 mm 2.52 mm 2.42 mm 2.37 mm 
min 2.58 mm 2.48 mm 2.37 mm 2.34 mm 
max 2.66 mm 2.55 mm 2.46 mm 2.39 mm 
Rel. Standard Dev. 0.93% 0.93% 1.33% 0.78% 
Tablet Crushing 
Strength, n=10 
96.6 N 150.6 N 185.2 N 217.0 N 
min 84 N 134 N 162 N 204 N 
max 106 N 168 N 198 N 228 N 
Rel. Standard Dev. 8.57% 6.57% 6.58% 3.08% 
Table 100: Avicel PH 101 – Compression into Tablets after RC (Standard Formulation) 
 
Avicel PH 101 – Ribbons Properties 
 
Roller Compaction of Avicel PH 101 + 0.25% Magnesium stearate:  
Ribbon’s Crushing Strength 
Roller Comp. 
Compression 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 17.85 N 11.20 N 21.27 N 2.18% 
6 kN/cm 39.04 N 31.71 N 47.50 N 3.48% 
9 kN/cm 54.67 N 45.83 N 65.28 N 5.58% 
Table 101: Avicel PH 101 Ribbons – Crushing Strength (Standard Formulation) 
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Roller Compaction of Avicel PH 101 + 0.25% Magnesium stearate:  
AUC of Ribbon’s Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 8.53 N mm 4.69 N mm 10.29 N mm 1.13% 
6 kN/cm 22.69 N mm 17.02 N mm 28.50 N mm 2.83% 
9 kN/cm 30.69 N mm 25.60 N mm 38.36 N mm 3.33% 
Table 102: Avicel PH 101 Ribbons – AUC of Crushing Strength (Standard Formulation) 
 
Avicel PH 200 – Direct Tabletting 
 
Avicel PH 200 + 0.25% Magnesium stearate:  
Compression into Tablets 
Nominal 
Compression Force 6 kN 12 kN 18 kN 24 kN 
Compression Force 6 kN 12 kN 20 kN 25 kN 
Tablet Mass, n=10 201.5 mg 200.9 mg 201.1 mg 201.6 mg 
min 200.8 mg 199.8 mg 199.7 mg 200.0 mg 
max 202.2 mg 201.8 mg 202.2 mg 203.1 mg 
Rel. Standard Dev. 0.23% 0.33% 0.41% 0.50% 
Tablet Height, n=10 2.50 mm 2.30 mm 2.30 mm 2.30 mm 
min 2.46 mm 2.30 mm 2.28 mm 2.26 mm 
max 2.52 mm 2.35 mm 2.31 mm 2.32 mm 
Rel. Standard Dev. 0.67% 0.61% 0.53% 0.78% 
Tablet Crushing 
Strength, n=10 
108 N 134 N 139 N 141 N 
min 104 N 128 N 132 N 136 N 
max 114 N 138 N 146 N 148 N 
Rel. Standard Dev. 2.98% 2.31% 3.51% 2.23% 
Repeated 14 days: 
Compression Force 
6 kN 12 kN 20 kN 25 kN 
Repeated 14 days: 
Tablet Crushing 
Strength, n=10 
112 N 139 N 143 N 143 N 
Table 103: Avicel PH 200 – Compression into Tablets (Standard Formulation) 
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Avicel PH 200 – Tabletting after Roller Compaction 
 
Avicel PH 200 + 0.25% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Tablet Mass, n=10 198.4 mg 199.2 mg 199.5 mg 199.2 mg 
min 194.8 mg 195.4 mg 195.5 mg 195.9 mg 
max 204.1 mg 203.0 mg 203.9 mg 203.4 mg 
Rel. Standard Dev. 0.88% 1.23% 1.11% 1.07% 
Tablet Height, n=10 2.65 mm 2.49 mm 2.40 mm 2.32 mm 
min 2.61 mm 2.45 mm 2.35 mm 2.30 mm 
max 2.69 mm 2.52 mm 2.43 mm 2.36 mm 
Rel. Standard Dev. 0.96% 0.95% 0.99% 0.76% 
Tablet Crushing 
Strength, n=10 
33.4 N 50.4 N 63.2 N 67.6 N 
min 30 N 44 N 60 N 22 N 
max 36 N 56 N 66 N 76 N 
Rel. Standard Dev. 5.68% 6.69% 3.40% 24.07% 
Table 104: Avicel PH 200 – Compression into Tablets after Roller Compaction and Milling 
 
 
Avicel PH 200 – Ribbons Properties 
 
Roller Compaction of Avicel PH 200 + 0.25% Magnesium stearate:  
Ribbon’s Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 4.25 N 3.42 N 5.30 N 0.53% 
6 kN/cm 19.65 N 17.06 N 23.26 N 1.69% 
9 kN/cm 34.70 N 29.17 N 38.33 N 3.08% 
Table 105: Avicel PH 200 Ribbons – Crushing Strength 
 
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  4. Main Experiments 
Page 152  Jochen Farrenkopf 
Roller Compaction of Avicel PH 200 + 0.25% Magnesium stearate:  
AUC of Ribbon’s Crushing Strength 
Roller Comp. 
Compression 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 2.99 N mm 2.25 N mm 3.50 N mm 0.36% 
6 kN/cm 14.12 N mm 11.86 N mm 17.09 N mm 1.55% 
9 kN/cm 24.20 N mm 20.06 N mm 29.24 N mm 2.71% 
Table 106: Avicel PH 200 Ribbons – AUC of Crushing Strength 
 
 
Tablettose 70 – Direct Tabletting 
 
Tablettose 70 + 0.5% Magnesium stearate:  
Compression into Tablets  
Nominal 
Compression Force 6 kN 12 kN 18 kN 24 kN 
Compression Force 6 kN 13 kN 18 kN 25 kN 
Tablet Mass, n=10 202.9 mg 200.8 mg 198.9 mg 201.3 mg 
min 200.4 mg 199.1 mg 196.8 mg 199.3 mg 
max 204.3 mg 202.8 mg 200.9 mg 202.4 mg 
Rel. Standard Dev. 0.63% 0.64% 0.78% 0.44% 
Tablet Height, n=10 2.60 mm 2.40 mm 2.30 mm 2.30 mm 
min 2.57 mm 2.37 mm 2.29 mm 2.25 mm 
max 2.64 mm 2.44 mm 2.36 mm 2.31 mm 
Rel. Standard Dev. 0.82% 0.94% 0.96% 0.81% 
Tablet Crushing 
Strength, n=10 
15 N 42 N 58 N 85 N 
min 10 N 36 N 54 N 80 N 
max 18 N 48 N 64 N 90 N 
Rel. Standard Dev. 14.52% 8.20% 6.61% 4.73% 
Repeated 14 days: 
Compression Force 
5 kN 13 kN 17 kN 26 kN 
Repeated 14 days: 
Tablet Crushing 
Strength, n=10 
15 N 41 N 54 N 77 N 
Table 107: Tablettose 70 – Compression into Tablets 
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Tablettose 70 – Tabletting after Roller Compaction 
 
Tablettose 70 + 0.5% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 13 kN 18 kN 
Tablet Mass, n=10 202.3 mg 196.6 mg 202.7 mg 193.4 mg 
min 196.4 mg 190.3 mg 193.9 mg 188.5 mg 
max 207.0 mg 203.0 mg 209.1 mg 201.7 mg 
Rel. Standard Dev. 1.60% 1.80% 1.57% 1.50% 
Tablet Height, n=10 2.51 mm 2.44 mm 2.42 mm 2.29 mm 
min 2.47 mm 2.39 mm 2.38 mm 2.27 mm 
max 2.57 mm 2.46 mm 2.46 mm 2.34 mm 
Rel. Standard Dev. 1.43% 0.95% 1.07% 1.04% 
Tablet Crushing 
Strength, n=10 
13.0 N 14.2 N 23.6 N 28.2 N 
min 8 N 8 N 12 N 10 N 
max 16 N 20 N 32 N 36 N 
Rel. Standard Dev. 20.83% 26.10% 29.84% 28.46% 
Table 108: Tablettose 70 – Compression into Tablets after Roller Compaction and Milling 
 
Tablettose 70 – Ribbons Properties 
 
Roller Compaction of Tablettose 70 + 0.5% Magnesium stearate:  
Ribbon’s Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 1.43 N 1.11 N 1.88 N 0.17% 
6 kN/cm 3.10 N 2.50 N 3.87 N 0.36% 
9 kN/cm 4.59 N 3.38 N 5.81 N 0.61% 
Table 109: Tablettose 70 Ribbons – Crushing Strength 
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Roller Compaction of Tablettose 70 + 0.5% Magnesium stearate:  
AUC of Ribbon’s Crushing Strength 
Roller Comp. 
Compression 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 0.42 N mm 0.28 N mm 0.65 N mm 0.10% 
6 kN/cm 1.04 N mm 0.54 N mm 1.77 N mm 0.33% 
9 kN/cm 1.39 N mm 0.87 N mm 3.15 N mm 0.54% 
Table 110: Tablettose 70 Ribbons – AUC of Crushing Strength 
 
Pearlitol SD 200 – Direct Tabletting 
 
Pearlitol SD 200 + 2% Magnesium stearate:  
Compression into Tablets 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Tablet Mass, n=10 201.3 mg 200.6 mg 202.5 mg 201.2 mg 
min 197.3 mg 197.7 mg 200.0 mg 197.7 mg 
max 205.4 mg 205.0 mg 206.1 mg 204.6 mg 
Rel. Standard Dev. 0.94% 0.96% 0.72% 0.80% 
Tablet Height, n=10 2.67 mm 2.59 mm 2.52 mm 2.45 mm 
min 2.64 mm 2.55 mm 2.49 mm 2.43 mm 
max 2.70 mm 2.61 mm 2.58 mm 2.48 mm 
Rel. Standard Dev. 0.62% 0.82% 0.96% 0.57% 
Tablet Crushing 
Strength, n=10 
36 N 49 N 60 N 70 N 
min 32 N 44 N 40 N 52 N 
max 40 N 56 N 68 N 84 N 
Rel. Standard Dev. 7.57% 7.88% 13.40% 14.00% 
Repeated 14 days: 
Compression Force 
4 kN 11 kN 20 kN 26 kN 
Repeated 14 days: 
Tablet Crushing 
Strength, n=10 
30 N 65 N 33 N 18 N 
Table 111: Pearlitol SD 200 – Compression into Tablets 
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Pearlitol SD 200 – Tabletting after Roller Compaction 
 
Pearlitol SD 200 + 2% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Tablet Mass, n=10 194.7 mg 199.2 mg 197.5 mg 201.5 mg 
min 191.3 mg 195.5 mg 192.7 mg 194.2 mg 
max 200.1 mg 204.7 mg 203.7 mg 209.5 mg 
Rel. Standard Dev. 1.05% 1.14% 1.03% 1.85% 
Tablet Height, n=10 2.60 mm 2.54 mm 2.49 mm 2.43 mm 
min 2.57 mm 2.51 mm 2.46 mm 2.37 mm 
max 2.64 mm 2.60 mm 2.53 mm 2.50 mm 
Rel. Standard Dev. 0.79% 1.17% 1.10% 1.75% 
Tablet Crushing 
Strength, n=10 
24.2 N 39.0 N 51.2 N 71.4 N 
min 16 N 32 N 40 N 64 N 
max 28 N 50 N 58 N 80 N 
Rel. Standard Dev. 15.80% 12.60% 12.20% 7.82% 
Table 112: Pearlitol SD 200 – Compression into Tablets after Roller Compaction and Milling 
 
Pearlitol SD 200 – Ribbons Properties 
 
Roller Compaction of Pearlitol SD 200 + 2.0% Magnesium stearate:  
Ribbon’s Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 4.32 N 2.69 N 5.57 N 0.64% 
6 kN/cm 7.79 N 6.16 N 9.58 N 0.84% 
9 kN/cm 12.18 N 9.66 N 16.29 N 1.46% 
Table 113: Pearlitol SD 200 Ribbons – Crushing Strength 
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Roller Compaction of Pearlitol SD 200 + 2.0% Magnesium stearate:  
AUC of Ribbon’s Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 1.25 N mm 0.91 N mm 2.22 N mm 0.34% 
6 kN/cm 2.33 N mm 1.40 N mm 4.52 N mm 0.68% 
9 kN/cm 3.29 N mm 2.50 N mm 5.82 N mm 0.72% 
Table 114: Pearlitol SD 200 Ribbons – AUC of Crushing Strength 
 
Cerestar 93000 – Direct Tabletting 
 
Cerestar 93000 + 0.5% Magnesium stearate:  
Compression into Tablets 
Nominal 
Compression Force 6 kN 12 kN 24 kN 
Compression Force 7 kN 14 kN 21 kN 
Tablet Mass, n=10 202.5 mg 195.9 mg 202.4 mg 
min 194.3 mg 193.5 mg 197.1 mg 
max 207.7 mg 198.0 mg 205.8 mg 
Rel. Standard Dev. 2.52% 0.72% 1.81% 
Tablet Height, n=10 2.80 mm 2.50 mm 2.60 mm 
min 2.72 mm 2.51 mm 2.54 mm 
max 2.77 mm 2.55 mm 2.67 mm 
Rel. Standard Dev. 0.58% 0.51% 1.73% 
Tablet Crushing 
Strength, n=10 
59 N 75 N 79 N 
min 42 N 60 N 74 N 
max 72 N 80 N 82 N 
Rel. Standard Dev. 19.25% 8.50% 3.36% 
Repeated 14 days: 
Compression Force 
7 kN 14 kN 21 kN 
Repeated 14 days: 
Tablet Crushing 
Strength, n=10 
51 N 74 N 79 N 
Table 115: Cerestar 93000 – Compression into Tablets 
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Cerestar 93000 – Tabletting after Roller Compaction 
 
Cerestar 93000 + 0.5% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Tablet Mass, n=10 198.0 mg 199.3 mg 199.3 mg 205.3 mg 
min 193.6 mg 196.3 mg 196.3 mg 201.6 mg 
max 202.4 mg 203.3 mg 203.4 mg 209.9 mg 
Rel. Standard Dev. 1.16% 0.94% 0.87% 1.01% 
Tablet Height, n=10 2.86 mm 2.75 mm 2.71 mm 2.76 mm 
min 2.83 mm 2.72 mm 2.68 mm 2.71 mm 
max 2.88 mm 2.77 mm 2.73 mm 2.80 mm 
Rel. Standard Dev. 0.65% 0.71% 0.68% 1.00% 
Tablet Crushing 
Strength, n=10 
9.6 N 14.8 N 16.8 N 16.8 N 
min 8 N 12 N 16 N 10 N 
max 12 N 16 N 18 N 20 N 
Rel. Standard Dev. 16.43% 9.45% 6.15% 17.02% 
Table 116: Cerestar 93000 – Compression into Tablets after Roller Compaction and Milling 
 
Cerestar 93000 – Ribbons Properties 
 
Roller Compaction of Cerestar 93000 + 0.5% Magnesium stearate:  
Ribbon’s Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 1.84 N 1.54 N 2.40 N 0.18% 
6 kN/cm 7.13 N 6.04 N 8.51 N 0.56% 
9 kN/cm 18.65 N 15.89 N 20.48 N 1.14% 
Table 117: Cerestar 93000 Ribbons – Crushing Strength 
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Roller Compaction of Cerestar 93000 + 0.5% Magnesium stearate:  
AUC of Ribbon’s Crushing Strength 
Roller Comp. 
Compression 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 0.71 N mm 0.61 N mm 0.85 N mm 0.07% 
6 kN/cm 3.27 N mm 2.41 N mm 3.83 N mm 0.37% 
9 kN/cm 9.67 N mm 8.41 N mm 10.90 N mm 0.72% 
Table 118: Cerestar 93000 Ribbons – AUC of Crushing Strength 
 
 
Tablettose 70 + Avicel 1:1 – Direct Tabletting 
 
Tablettose 70 1:1 with Avicel PH 101 + 0.38% Magnesium stearate:  
Compression into Tablets 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Tablet Mass, n=50 200.9 mg 201.2 mg 200.4 mg 202.1 mg 
min 198.2 mg 197.6 mg 197.4 mg 199.1 mg 
max 206.1 mg 205.5 mg 204.7 mg 205.5 mg 
Rel. Standard Dev. 1.01% 0.86% 0.87% 0.91% 
Tablet Height, n=10 2.66 mm 2.51 mm 2.42 mm 2.34 mm 
min 2.61 mm 2.48 mm 2.39 mm 2.29 mm 
max 2.68 mm 2.56 mm 2.46 mm 2.37 mm 
Rel. Standard Dev. 0.74% 0.86% 1.18% 1.33% 
Tablet Crushing 
Strength, n=10 
72.8 N 98.0 N 121.6 N 167.4 N 
min 68 N 88 N 114 N 158 N 
max 80 N 104 N 124 N 178 N 
Rel. Standard Dev. 5.96% 4.51% 2.66% 3.19% 
Table 119: Tablettose 70 1:1 with Avicel PH 101 – Compression into Tablets 
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Tablettose 70 + Avicel 1:1 – Tabletting after Roller Compaction 
 
Tablettose 70 1:1 with Avicel PH 101 + 0.38% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 12 kN 19 kN 
Tablet Mass, n=50 201.9 mg 202.1 mg 200.8 mg 201.3 mg 
min 198.6 mg 199.4 mg 197.3 mg 198.2 mg 
max 206.6 mg 205.6 mg 204.3 mg 205.1 mg 
Rel. Standard Dev. 0.98% 0.83% 0.87% 0.99% 
Tablet Height, n=10 2.66 mm 2.52 mm 2.42 mm 2.32 mm 
min 2.63 mm 2.49 mm 2.39 mm 2.31 mm 
max 2.68 mm 2.54 mm 2.45 mm 2.35 mm 
Rel. Standard Dev. 0.79% 0.67% 0.98% 0.62% 
Tablet Crushing 
Strength, n=10 
71.0 N 99.0 N 128.2 N 160.0 N 
min 62 N 88 N 120 N 148 N 
max 78 N 108 N 146 N 168 N 
Rel. Standard Dev. 6.40% 7.14% 5.99% 3.77% 
Table 120: Tablettose 70 1:1 with Avicel PH 101 – Compression into Tablets after RC 
 
Tablettose 70 + Avicel 1:1 – Ribbons Properties 
 
Roller Compaction of Tablettose 70 1:1 with Avicel PH 101  
+ 0.38% Magnesium stearate: Ribbon’s Crushing Strength 
Roller Comp. 
Compression 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 6.84 N 4.98 N 8.24 N 0.98% 
6 kN/cm 15.61 N 13.52 N 18.67 N 1.69% 
9 kN/cm 24.98 N 21.56 N 28.62 N 2.18% 
Table 121: Tablettose 70 1:1 with Avicel PH 101 Ribbons – Crushing Strength 
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Roller Compaction of Tablettose 70 1:1 with Avicel PH 101  
+ 0.38% Magnesium stearate: AUC of Ribbon’s Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 4.17 N mm 3.18 N mm 6.21 N mm 0.74% 
6 kN/cm 9.17 N mm 6.90 N mm 11.24 N mm 1.16% 
9 kN/cm 14.28 N mm 10.34 N mm 20.59 N mm 2.50% 
Table 122: Tablettose 70 1:1 with Avicel PH 101 Ribbons – AUC of Crushing Strength 
 
 
Pearlitol SD 200 + Avicel 1:1 – Direct Tabletting 
 
Pearlitol SD 200 1:1 with Avicel PH 101 + 1.13% Magnesium stearate:  
Compression into Tablets 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 7 kN 10 kN 12 kN 18 kN 
Tablet Mass, n=50 200.5 mg 200.2 mg 201.1 mg 205.0 mg 
min 196.0 mg 197.5 mg 198.3 mg 202.0 mg 
max 217.2 mg 202.7 mg 204.8 mg 207.4 mg 
Rel. Standard Dev. 1.14% 0.53% 0.78% 0.72% 
Tablet Height, n=10 2.65 mm 2.51 mm 2.46 mm 2.44 mm 
min 2.61 mm 2.47 mm 2.43 mm 2.41 mm 
max 2.69 mm 2.54 mm 2.47 mm 2.46 mm 
Rel. Standard Dev. 0.95% 0.98% 0.55% 0.77% 
Tablet Crushing 
Strength, n=10 
70.2 N 97.8 N 115.4 N 146.4 N 
min 66 N 90 N 106 N 140 N 
max 74 N 104 N 122 N 152 N 
Rel. Standard Dev. 3.67% 4.96% 4.09% 2.64% 
Table 123: Pearlitol SD 200 1:1 with Avicel PH 101 – Compression into Tablets 
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Pearlitol SD 200 + Avicel 1:1 – Tabletting after Roller Compaction 
 
Pearlitol SD 200 1:1 with Avicel PH 101 + 1.13% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Tablet Mass, n=50 204.0 mg 203.8 mg 202.4 mg 201.8 mg 
min 200.6 mg 195.7 mg 195.1 mg 195.9 mg 
max 206.6 mg 210.4 mg 206.5 mg 207.3 mg 
Rel. Standard Dev. 0.73% 1.64% 1.30% 1.28% 
Tablet Height, n=10 2.76 mm 2.65 mm 2.50 mm 2.42 mm 
min 2.73 mm 2.63 mm 2.48 mm 2.39 mm 
max 2.79 mm 2.67 mm 2.52 mm 2.45 mm 
Rel. Standard Dev. 0.59% 0.49% 0.57% 0.95% 
Tablet Crushing 
Strength, n=10 
32.2 N 50.2 N 73.0 N 97.4 N 
min 26 N 34 N 64 N 90 N 
max 38 N 60 N 86 N 110 N 
Rel. Standard Dev. 10.33% 14.72% 10.11% 7.38% 
Table 124: Pearlitol SD 200 1:1 with Avicel PH 101 – Compression into Tablets after RC 
 
Pearlitol SD 200 + Avicel 1:1 – Ribbons Properties 
 
Roller Compaction of Pearlitol SD 200 1:1 with Avicel PH 101  
+ 1.13% Magnesium stearate: Ribbons Crushing Strength 
Roller. 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 3.73 N 2.97 N 4.54 N 0.51% 
6 kN/cm 12.12 N 10.45 N 14.32 N 1.10% 
9 kN/cm 20.08 N 17.72 N 24.34 N 1.45% 
Table 125: Pearlitol SD 200 1:1 with Avicel PH 101 Ribbons – Crushing Strength 
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Roller Compaction of Pearlitol SD 200 1:1 with Avicel PH 101  
+ 1.13% Magnesium stearate: AUC of Ribbons Crushing Strength 
Roller Comp. 
Compression 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 2.46 N mm 1.93 N mm 3.38 N mm 0.32% 
6 kN/cm 6.72 N mm 5.29 N mm 8.16 N mm 0.66% 
9 kN/cm 10.20 N mm 8.56 N mm 12.69 N mm 1.08% 
Table 126: Pearlitol SD 200 1:1 with Avicel PH 101 Ribbons – AUC of Crushing Strength 
 
 
Cerestar 93000 + Avicel 1:1 – Direct Tabletting 
 
Cerestar 93000 1:1 with Avicel PH 101 + 0.38% Magnesium stearate:  
Compression into Tablets 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 7 kN 9 kN 13 kN 18 kN 
Tablet Mass, n=50 199.7 mg 198.9 mg 199.4 mg 199.7 mg 
min 196.8 mg 194.3 mg 184.8 mg 196.7 mg 
max 203.8 mg 202.9 mg 206.0 mg 207.5 mg 
Rel. Standard Dev. 0.95% 0.99% 1.92% 1.26% 
Tablet Height, n=10 2.66 mm 2.55 mm 2.50 mm 2.43 mm 
min 2.63 mm 2.52 mm 2.45 mm 2.38 mm 
max 2.68 mm 2.58 mm 2.53 mm 2.52 mm 
Rel. Standard Dev. 0.64% 0.77% 1.21% 1.78% 
Tablet Crushing 
Strength, n=10 
125.6 N 142.8 N 160.8 N 188.2 N 
min 120 N 132 N 144 N 180 N 
max 134 N 156 N 170 N 196 N 
Rel. Standard Dev. 4.03% 5.69% 4.88% 2.90% 
Table 127: Cerestar 93000 1:1 with Avicel PH 101 – Compression into Tablets 
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Cerestar 93000 + Avicel 1:1 – Tabletting after Roller Compaction 
 
Cerestar 93000 1:1 with Avicel PH 101 + 0.38% Magnesium stearate:  
Compression into Tablets after Roller Compaction and Milling 
Nominal 
Compression Force 6 kN 9 kN 12 kN 18 kN 
Compression Force 6 kN 8 kN 12 kN 18 kN 
Tablet Mass, n=50 201.2 mg 198.1 mg 202.0 mg 202.5 mg 
min 196.7 mg 192.2 mg 199.0 mg 199.6 mg 
max 204.2 mg 204.2 mg 207.0 mg 206.3 mg 
Rel. Standard Dev. 0.97% 1.03% 0.79% 0.98% 
Tablet Height, n=10 2.76 mm 2.59 mm 2.52 mm 2.48 mm 
min 2.72 mm 2.56 mm 2.49 mm 2.46 mm 
max 2.81 mm 2.63 mm 2.54 mm 2.52 mm 
Rel. Standard Dev. 1.08% 1.20% 0.67% 0.74% 
Tablet Crushing 
Strength, n=10 
56.4 N 76.2 N 97.0 N 104.8 N 
min 50 N 68 N 88 N 100 N 
max 66 N 82 N 108 N 108 N 
Rel. Standard Dev. 9.43% 5.60% 6.32% 2.73% 
Table 128: Cerestar 93000 1:1 with Avicel PH 101 – Compression into Tablets after RC 
 
Cerestar 93000 + Avicel 1:1 – Ribbons Properties 
 
Roller Compaction of Cerestar 93000 1:1 with Avicel PH 101  
+ 0.38% Magnesium stearate: Ribbons Crushing Strength 
Roller 
Compaction 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 5.96 N 5.06 N 6.89 N 0.45% 
6 kN/cm 18.33 N 15.71 N 20.59 N 1.32% 
9 kN/cm 33.40 N 29.38 N 40.71 N 2.99% 
Table 129: Cerestar 93000 1:1 with Avicel PH 101 Ribbons – Crushing Strength 
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Roller Compaction of Cerestar 93000 1:1 with Avicel P 101  
+ 0.38% Magnesium stearate: AUC of Ribbons Crushing Strength 
Roller Comp. 
Compression 
Force 
Ribbons 
Crushing 
Strength, n=20
min max Rel. Standard Deviation 
3 kN/cm 3.38 N mm 2.86 N mm 4.58 N mm 0.36% 
6 kN/cm 10.49 N mm 8.24 N mm 11.94 N mm 1.04% 
9 kN/cm 18.71 N mm 14.88 N mm 25.35 N mm 2.23% 
Table 130: Cerestar 93000 1:1 with Avicel PH 101 Ribbons – AUC of Crushing Strength 
 
Texture Analyzer: Powder Properties 
As described on page 143, the pure excipients as well as the 1:1 blends were TA 
compressed into tablets by individually weighed in hand fill. The powder volume is kept 
constant to the maximum fill volume of the die to increase accuracy and reproducibility. 
This results in different tablet masses for materials with different bulk density. To enable 
direct comparison of the TA tablets crushing strengths to another (or eg to the DT data),  
the individual compression forces and tablet heights are recorded (allowing the 
calculation of compression force value per mg tablet weight) and weighed normalizing 
conducted (page 185). Refer to 2.2 for the equipment settings. 
 
TA Compression of Powders (4.5 kN; hold time 5 s):  
Tablet Crushing Strength, n=10 
Formulation 
Average 
Crushing 
Strength
s rel min max 
Avicel PH 101 – pure excipient 243.5 N 1.86% 237.0 N 251.0 N 
Avicel PH 200 – pure excipient 276.0 N 3.36% 261.0 N 287.0 N 
Tablettose 70 – pure excipient 27.7 N 7.62% 23.0 N 30.0 N 
Pearlitol SD 200 – pure excipient 93.3 N 5.28% 85.0 N 102.0 N 
Cerestar 93000 – pure excipient 167.0 N 3.03% 160.0 N 177.0 N 
Tablettose 70 1:1 with Avicel PH 101 127.4 N 4.32% 119.0 N 137.0 N 
Pearlitol SD 200 1:1 with Avicel PH 101 140.3 N 2.65% 134.0 N 146.0 N 
Cerestar 93000 1:1 with Avicel PH 101 204.5 N 3.95% 197.0 N 216.0 N 
Table 131: TA Compression of Powders – Crushing Strength 
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TA Compression of Powders (4.5 kN; hold time 5 s):  
Tablet Weight, n=10 
Formulation 
Tablet 
Average 
Weight 
s rel min max 
Avicel PH 101 – pure excipient 203.9 mg 1.43% 200.0 mg 207.0 mg
Avicel PH 200 – pure excipient 278.0 mg 0.81% 274.0 mg 282.0 mg
Tablettose 70 – pure excipient 403.1 mg 0.89% 398.0 mg 408.0 mg
Pearlitol SD 200 – pure excipient 349.0 mg 0.68% 346.0 mg 353.0 mg
Cerestar 93000 – pure excipient 300.8 mg 1.82% 292.0 mg 312.0 mg
Tablettose 70 1:1 with Avicel PH 101 271.3 mg 0.85% 267.0 mg 274.0 mg
Pearlitol SD 200 1:1 with Avicel PH 101 264.9 mg 1.71% 260.0 mg 274.0 mg
Cerestar 93000 1:1 with Avicel PH 101 243.8 mg 1.87% 240.0 mg 253.0 mg
Table 132: TA Compression of Powders – Tablet Weight 
 
 
TA Compression of Powders (4.5 kN; hold time 5 s):  
Tablet Thickness, n=10 
Formulation 
Tablet 
Average 
Thickness
s rel min max 
Avicel PH 101 – pure excipient 3.39 mm 0.26% 3.38 mm 3.40 mm
Avicel PH 200 – pure excipient 4.50 mm 0.20% 4.49 mm 4.51 mm
Tablettose 70 – pure excipient 6.54 mm 0.17% 6.53 mm 6.55 mm
Pearlitol SD 200 – pure excipient 5.86 mm 0.45% 5.83 mm 5.90 mm
Cerestar 93000 – pure excipient 5.05 mm 0.23% 5.03 mm 5.06 mm
Tablettose 70 1:1 with Avicel PH 101 4.42 mm 0.36% 4.40 mm 4.44 mm
Pearlitol SD 200 1:1 with Avicel PH 101 4.37 mm 0.71% 4.34 mm 4.42 mm
Cerestar 93000 1:1 with Avicel PH 101 4.03 mm 0.54% 4.01 mm 4.06 mm
Table 133: TA Compression of Powders – Tablet Thickness 
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4.6.3 Discussion 
 
Flow Properties of Blends and deriving Granules 
For the excipients with mediocre to good flow (Avicel PH 200, Tablettose 70, Pearlitol 
SD 200), there was no further improvement in the flow of the deriving granules (after 
applying the roller compaction process). This was different for Avicel PH 101 and 
Cerestar 93000: here roller compaction strongly improved the properties of the poorly 
flowing excipients. Roller compactions prove to be a viable option to process powders 
with flow properties not feasible for direct tabletting – as part on the process train to 
manufacture tablets. 
For the 1:1 blends with microcrystalline cellulose, type Avicel PH 101, roller compaction 
prove to be beneficial for Tablettose 70 and especially for Cerestar 93000, whereas the 
Pearlitol SD 200 blend suffered from it. 
 
 
Tablets and Ribbons Properties 
Compression trials were performed with the powders under evaluation: pure excipients 
and the formulation-like 1:1 blends with microcrystalline cellulose (refer to page 144). 
The objective was to get information about the manufacturing methods comparability 
(direct tabletting vs. roller compaction/tabletting vs. TA) and, as a next step, their extend 
of predictability. In parallel to comparing the methods, also the different 
excipients/blends potential use as valuable roller compaction ingredients is assessed.  
 
DT Tablets crushing strength re-evaluation after 14 days of storage under controlled 
conditions (refer to 2.3.2) exhibited only negligible differences to the initial data, so 
further repetition experiments were not conducted.  
 
Below the data of tablets and ribbons in 4.6.2 are visualized in graphs and commented 
on.  
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Microcrystalline Cellulose Grades 
 
Avicel: Tabletting Trials (SD bars)
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Figure 56: Avicel PH 101/200 – Compressibility Trials Roller Compaction and Direct Tabletting 
 
Typically, direct tabletting of Avicel PH 101 generates tablets of very high crushing 
strength: within these trials values around 330 N were achieved. After roller compaction, 
the corresponding graph has a comparably rising curvature for practically relevant 
compression force settings. However, due to the granular intermediate, the additional 
compaction step at 6 kN/cm decreases tablets crushing strength of this very effective 
binder by approximately 100 N, as the interparticular binding capacities are reduced. 
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Avicel Grades: Ribbons Properties (SD bars)
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Figure 57: Avicel PH 101/200 – Ribbons Properties 
 
For direct tabletting of Avicel PH 200, the resulting tablets crushing strength level is 
much lower than for PH 101, assumed to be based on its higher d50 (refer to 2.1.2) and 
therefore the lower contact surface area. Again, the curvatures are comparable and the 
effect of reduced crushing strength after roller compaction is also valid for the PH 200 
grade. 
Even though the ribbons crushing strength data and the AUC data have different 
dimensions, they are visualized in one graph as the results are interdependent and 
derive from the same Texture Analyzer set of trials. This procedure allows direct 
comparison of the data sets.  
Concerning the ribbons crushing strength and its AUC it has to be considered, that this 
data strongly depends on the ribbons dimensions (here: 3 mm height, 25 mm width) and 
the TA set-up, refer to page 142. 
Zinchuk et al., 2004, identified ribbons crushing strength as key indicators for ribbons 
quality (next to porosity, being more difficult to determine). They related the increasing 
variability of ribbons crushing strengths at higher compaction forces to the appearance 
of micro-cracks. 
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Tablettose 70 
 
Tablettose 70: Tabletting Trials (SD bars)
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Figure 58: Tablettose 70 – Compressibility Trials Roller Compaction and Direct Tabletting 
Surprisingly the intermediate roller compaction process hardly seems to impact the 
tablets derived from 1:1 mixtures of Tablettose 70 with Avicel PH 101, as they result in 
satisfying, nearly identical crushing strength data as from direct tabletting.  
In contrast to that, direct tabletting of pure Tablettose (with its much larger particles, 
refer to page 28) only leads to sufficiently mechanical stable tablets, being even worse 
for roller compacted material – this includes also the related data variations. 
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Tablettose 70: Ribbons Properties (SD bars)
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Figure 59: Tablettose 70 – Ribbon’s Properties 
 
In this graph the positive impact of microcrystalline cellulose becomes obvious: the 
higher its amount, the better the resulting ribbon’s mechanical strength. As seen for the 
tablets, the compressibility for the pure Tablettose is relatively poor.  
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Pearlitol SD 200 
 
Pearlitol SD 200: Tabletting Trials (SD bars)
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Figure 60: Pearlitol SD 200 – Compressibility Trials Roller Compaction and Direct Tabletting 
For pure Pearlitol SD 200, the compressibility is just sufficient with comparable roller 
compaction and direct tabletting data. Adding microcrystalline cellulose slightly 
improves the tablet data from the roller compaction process, and strongly improves for 
direct tabletting. This comprises tablet’s crushing strength as well as the respective 
variability.  
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Pearlitol SD 200: Ribbons Properties (SD bars)
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Figure 61: Pearlitol SD 200 – Ribbon’s Properties 
For the Pearlitol ribbons, the same rank order as for the tablets after RC can be seen.  
 
Cerestar 93000 
Cerestar 93000: Tabletting Trials (SD bars)
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Figure 62: Cerestar 93000 – Compressibility Trials Roller Compaction and Direct Tabletting
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Pure Cerestar 93000 after roller compaction exhibits poor compressibility, being at a low 
level that hardly increases with compression force. Here direct tabletting improves the 
tablet’s data to a practically sufficient extend. This becomes even more evident with 
50% microcrystalline cellulose present. 
 
 
Cerestar 93000: Ribbons Properties (SD bars)
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Figure 63: Cerestar 93000 – Ribbon’s Properties 
 
The ribbon’s properties again show comparable rank order as the tablets after roller 
compaction, which is promising for further investigation in potentially predictive 
statements. 
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  4. Main Experiments 
Page 174  Jochen Farrenkopf 
 
Ranking of Tablets Data 
As example, Figure 64 shows the DT data of the different excipients and its 1:1 blends: 
  
 
Direct Compression of pure Excipients 
+ Excipients 1:1 with Avicel PH 101; SD bars
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Figure 64: Overview – Compressibility of pure Excipients and 1:1 Blends by Direct Tabletting 
As seen in the figure above, some of the investigated excipients generate more rigid 
tablets than others, with the consequence of stronger rising slopes in compression 
force / tablets crushing strength diagrams (direct tabletting vs. roller compaction / 
tabletting).  
The data evaluation with slopes and offset of the respective graphs is limited to a 
compression force level of approximately 20 kN, in order to focus on the practically 
relevant data. In addition, this cut-off also contributes to enabling the slopes calculation: 
the curve typically consists of a rising part, that then reaches a plateau phase.  Mainly 
focusing on the rising part of the graph increases the slopes calculation accuracy, as 
this section exhibits a curve shape that is close to linear.  
The additionally listed R² values describe the curves fit to the slopes straight line: the 
closer to 1, the better the fit. Thus, using the slope’s formula, the tablet’s crushing 
strength can be calculated for every compression force level (within the evaluated 
range). 
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Generally highly rising graphs are favored, as tablets crushing strength can be 
increased simply by applying higher compression force. Nevertheless, there might be 
applications where mediocre compressibility (next to better flow) is desired: low 
compression force dependency reduces tablets crushing strength variability. This could 
be advantageous e.g. for tablets at the upper limit of disintegration time or for 
filler/binder in controlled release applications. For dissolution testing considerations 
refer to Brown et al., 2004. 
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Avicel: Tabletting Trials' Slopes (SD bars)
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Figure 65: Slopes of Tabletting Trials Graphs: Avicel PH 101 
Please refer to the pages 148 - 151 for the original graphs and the raw data.  
Tablettose 70: Tabletting Trials' Slopes (SD bars)
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Figure 66: Slopes of Tabletting Trials Graphs: Tablettose 70 
Please refer to the pages 152 - 153 and 158 - 159 for the original graphs and raw data.  
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Pearlitol SD 200: Tabletting Trials' Slopes (SD bars)
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Figure 67: Slopes of Tabletting Trials Graphs: Pearlitol SD 200 
Please refer to the pages 154 - 155 and 161 for the original graphs and the raw data.  
Cerestar 93000: Tabletting Trials' Slopes (SD bars)
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Figure 68: Slopes of Tabletting Trials Graphs: Cerestar 93000 
Please refer to the pages 156 - 157 and 162 - 163 for the original graphs and raw data. 
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In the following table the different slopes as well as their coefficients are listed. Using 
the slope’s formula, the tablet’s crushing strength of each formulation is calculated. This 
standardization procedure allows direct comparison of the formulations data, even for 
varying actual compression forces. For simplification purposes, this evaluation is 
conducted with a single, medium compression force setting of 10 kN. The resulting data 
are set in relation to another in a metric ranking order, classifying the data by a weighed 
normalizing calculation to assign an index of 10 to the highest score. This procedure 
allows direct comparison between direct tabletting and roller compaction / tabletting 
data.  
The higher the index value, the better the tablet’s crushing strength data. 
 
Direct Tabletting (DT): Rating of pure Excipients and Blends 
Formulation Slope of the Graph 
Slope’s 
Coefficient
Calculated 
Tablets 
Crushing 
Strength 
(at 10 kN)  
Index Rating 
(25 N interval, 
figures 
rounded) 
Avicel PH 101 
pure excipient, DT 
y = 8.8108x + 
160.73 
R² = 0.9365 248.8 N 10 
Avicel PH 200 
pure excipient, DT 
y = 2.1284x + 
100.04 
R² = 0.8068 121.3 N 5 
Tablettose 70 
pure excipient, DT 
y = 3.6009x - 
6.078 
R² = 0.9974 29.9 N 1 
Pearlitol SD 200 
pure excipient, DT 
y = 2.7486x + 
23.029 
R² = 0.9407 50.5 N 2 
Cerestar 93000 
pure excipient, DT 
y = 1.4286x + 
51 
R² = 0.8929 65.3 N 3 
Tablettose 70 1:1 with 
Avicel PH 101, DT 
y = 7.8533x + 
26.6 
R² = 0.9995 105.1 N 4 
Pearlitol SD 200 1:1 
with Avicel PH 101, DT 
y = 6.7838x + 
27.741 
R² = 0.9735 95.6 N 4 
Cerestar 93000 1:1 
with Avicel PH 101, DT 
y = 5.4834x + 
89.92 
R² = 0.9906 144.8 N 6 
Table 134: Direct Tabletting – Rating of pure Excipients and Blends 
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Figure 69 shows the d50 of the pure and unprocessed excipients under evaluation and 
its respective performance rating:  
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Figure 69: d50 of the Excipients and respective DT Data Rating 
 
As described in Table 134 above, the MCC grades (marked in green) exhibit the best 
performance. Also the strong impact of their respective d50 is obvious: smaller d50 
positively impacts compressibility. For this comparison, only tablets crushing strength is 
considered – leaving other processability parameters, such as flow, aside. 
Looking at the other excipients, there is no direct correlation between d50 and 
performance rating. 
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As for the direct tabletting section, for roller compaction/tabletting the same ranking 
classification scheme is applied (25 N interval) to enable direct comparison of the data: 
 
Tabletting after Roller Compaction (RC) with 6kN/cm:  
Rating of pure Excipients and Blends 
Formulation Slope of the Graph 
Slope’s 
Coefficient
Calculated 
Tablets 
Crush. Str.  
(at 10 kN)  
Index Rating 
(25 N interval, 
figures 
rounded) 
Avicel PH 101 
pure excipient, RC 
y = 9.6358x + 
51.538 R² = 0.9436 147.9 N 6 
Avicel PH 200 
pure excipient, RC 
y = 2.7295x + 
22.943 R² = 0.8305 50.2 N 2 
Tablettose 70 
pure excipient, RC 
y = 1.379x + 
3.8914 R² = 0.9474 17.7 N 1 
Pearlitol SD 200 
pure excipient, RC 
y = 3.88x + 
2.8 R² = 0.9916 41.6 N 2 
Cerestar 93000 
pure excipient, RC 
y = 0.5371x + 
8.4571 R² = 0.6552 13.8 N 1 
Tablettose 70 1:1 with 
Avicel PH 101, RC 
y = 6.7323x + 
37.129 R² = 0.9601 104.5 N 4 
Pearlitol SD 200 1:1 
with Avicel PH 101, RC 
y = 5.4629x + 
1.7429 R² = 0.9810 56.4 N 2 
Cerestar 93000 1:1 
with Avicel PH 101, RC 
y = 3.8095x + 
41.695 R² = 0.8563 79.8 N 3 
Table 135: Tabletting after RC with 6kN/cm – Rating of pure Excipients and Blends 
The poor R²-value of Cerestar 93000 (despite the good slope linearity as in Figure 68), 
reflects the poor compressibility of pure Cerestar 93000 after roller compaction: on that 
low crushing strength level, small variations of a few N have a high impact on variability. 
For raw data please refer to page 157. 
 
 
Ranking of Ribbons Data 
As well as for the tablets derived from direct tabletting and after roller compaction, the 
ribbon’s properties crushing strength and crushing strength AUC data are listed (page 
148) and visualized in graphs (page 166). In this chapter the respective slopes are 
evaluated and an index ranking order is established in generally the same way. 
Concerning the ribbon’s crushing strength and its AUC has to be considered that this 
data strongly depends on the ribbons dimensions (here: 3 mm height, 25 mm width) and 
the TA set-up, refer to page 142.  
For calculation of the slopes, obviously the tabletting compression force limit of 20 kN 
(as described on page 174) cannot be applied here. The ribbons are manufactured by 
roller compaction with 3, 6 and 9 kN/cm. To establish a ranking order, a medium 
compaction force of 6 kN/cm is selected as basis for the calculations. 
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Avicel Grades: Ribbons Properties´ Slopes (SD bars)
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Figure 70: Slopes of Ribbons Properties Graphs: Avicel PH 101 
Please refer to pages 149 and 151 for the raw data, page 167 for the original graphs. 
 
Tablettose 70: Ribbons Properties´ Slopes (SD bars)
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Figure 71: Slopes of Ribbons Properties Graphs: Tablettose 70 
Please refer to pages 153 and 159 for raw data, and page 169 for the original graphs.
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Pearlitol SD 200: Ribbons Properties´ Slopes (SD bars)
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Figure 72: Slopes of Ribbons Properties Graphs: Pearlitol SD 200 
Please refer to pages 155 and 161 for the raw data, and page 171 for the original graph. 
 
Cerestar 93000: Ribbons Properties´ Slopes (SD bars)
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Figure 73: Slopes of Ribbons Properties Graphs: Cerestar 93000 
Please refer to pages 157 and 163 for the raw data, and page 172 for the original graph.
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In the following two tables, the different slopes of the ribbon’s properties crushing 
strength, the respective AUC data as well as their coefficients are listed. Using the 
slope’s formula for 6 kN/cm, the ribbons crushing strength of each formulation is 
calculated. The results of these calculations are given a metric ranking order by 
weighed normalizing of the data (dividing by 3.75 N and rounding the figure) to assign 
an index of 10 to the highest score (approximately 37 N):  
 
Ribbon’s Crushing Strength after Roller Compaction with 3/6/9 kN/cm:  
Rating of pure Excipients and Blends 
Formulation Slope of the Graph 
Slope’s 
Coefficient
Calculated 
Ribbon’s 
Crushing 
Strength  
(6 kN/cm)  
Index Rating 
(3.75 N interval, 
figures 
rounded) 
Avicel PH 101 
pure excipient 
y = 6.1367x + 
0.3667 
R² = 0.9925 37.2 N 10 
Avicel PH 200 
pure excipient 
y = 5.075x - 
10.917 
R² = 1.000 19.5 N 5 
Tablettose 70 
pure excipient 
y = 0.5267x - 
0.12 
R² = 0.9989 3.0 N 1 
Pearlitol SD 200 
pure excipient 
y = 1.31x + 
0.2367 
R² = 0.9955 8.1 N 2 
Cerestar 93000 
pure excipient 
y = 2.8017x - 
7.6033 
R² = 0.9562 9.2 N 2 
Tablettose 70 1:1 with 
Avicel PH 101 
y = 3.0233x - 
2.33 
R² = 0.9996 15.8 N 4 
Pearlitol SD 200 1:1 
with Avicel PH 101 
y = 2.725x - 
4.3733 
R² = 0.9998 12.0 N 3 
Cerestar 93000 1:1 
with Avicel PH 101 
y = 4.5733x - 
8.21 
R² = 0.9968 19.2 N 5 
Table 136: Ribbon’s Crushing Strength after RC with 3/6/9 kN/cm – Rating of pure Excipients and 
Blends 
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For the ribbon’s crushing strength AUC data, the weighed normalizing/ index 
calculations are based on 3.75 N intervals and rounding the figure, in order to assign an 
index of 10 to the highest result (approximately 20.6 N mm): 
 
Ribbon’s Crushing Strength AUC after Roller Compaction with 3/6/9 kN/cm: 
Rating of pure Excipients and Blends 
Formulation Slope of the Graph 
Slope’s 
Coefficient
Calculated 
Ribbon’s 
Crushing 
Strength AUC 
(6 kN/cm)  
Index Rating 
(2 N/mm 
interval, figures 
rounded) 
Avicel PH 101 
pure excipient 
y = 3.6933x - 
1.5233 
R² = 0.9749 20.6 N mm 10 
Avicel PH 200 
pure excipient 
y = 3.535x - 
7.44 
R² = 0.9992 13.8 N mm 7 
Tablettose 70 
pure excipient 
y = 0.1617x - 
0.02 
R² = 0.9748 1.0 N mm 0 
Pearlitol SD 200 
pure excipient 
y = 0.34x + 
0.25 
R² = 0.9988 2.3 N mm 1 
Cerestar 93000 
pure excipient 
y = 1.4933x - 
4.41 
R² = 0.9423 4.5 N mm 2 
Tablettose 70 1:1 with 
Avicel PH 101 
y = 1.685x - 
0.9033 
R² = 1.000 9.2 N mm 5 
Pearlitol SD 200 1:1 
with Avicel PH 101 
y = 1.29x - 
1.28 
R² = 0.9966 6.5 N mm 3 
Cerestar 93000 1:1 
with Avicel PH 101 
y = 2.555x - 
4.47 
R² = 0.9983 10.9 N mm 5 
Table 137: Ribbon’s Crushing Strength AUC after RC with 3/6/9 kN/cm – Rating of pure Excipients 
and Blends 
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Ranking of Powders Properties (TA) 
Next to the ribbons evaluation, the Texture Analyzer (TA) was also used to compress 
individually weighed-in powder portions. Tablet size and shape is kept constant. 
Nevertheless, for this special set of experiments, the tablet mass intentionally strongly 
varies strongly from one excipient to the other (based on their different bulk densities), 
as the prerequisite was to fill the TA die completely before compression. For details 
refer to pages 142/143 and page 164; this approach reduces variability compared to 
partially filled dies of the same excipient mass, often measured in N/mm². 
Thus, a new parameter is required to enable comparison: the fraction of tablet’s 
crushing strength and its individual weight. Consequently the dimensions are in N/mg. 
The weighed normalizing / index calculations are based on 0.12 N/mg intervals and 
rounding the figure (weighed normalizing), as the highest index of 10 is assigned to the 
best result (approximately 1.2 N/mg): 
 
TA Compression of Powders:  
Resulting Tablet’s Crushing Strength / mg Tablet Weight 
Formulation Crushing Strength / mg Tablet Weight 
Index Rating  
(0.12 N/mg interval, 
figures rounded) 
Avicel PH 101 – pure excipient 1.19 N/mg 10 
Avicel PH 200 – pure excipient 0.99 N/mg 8 
Tablettose 70 – pure excipient 0.07 N/mg 1 
Pearlitol SD 200 – pure excipient 0.27 N/mg 2 
Cerestar 93000 – pure excipient 0.56 N/mg 5 
Tablettose 70 1:1 with Avicel PH 101 0.47 N/mg 4 
Pearlitol SD 200 1:1 with Avicel PH 101 0.53 N/mg 4 
Cerestar 93000 1:1 with Avicel PH 101 0.84 N/mg 7 
Table 138: TA Compression of Powders – Resulting Tablet’s Crushing Str. / mg Tablet Weight 
 
Compression Studies Overview – Prediction of Roller Compaction Feasibility  
As described on the pages 178 and 183, the tablet’s crushing strength of each 
formulation is calculated by using the slope’s formula. This standardization procedure is 
applied to the direct tabletting and the roller compaction/tabletting data – allowing direct 
comparison of the formulations data, even for varying actual compression forces. In a 
metric ranking order, the calculated tablets crushing strengths are set in relation to 
another, based on a compression force setting of 10 kN. RC data is intentionally not 
normalized to a maximum of 10 to reflect the compressibility reduction caused by the 
additional compaction step. 
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Also the three different sets of TA data are ranked. As these are non-standard 
characterization tools, individual calculation methods are necessary (refer to pages 180 
and 185). Thus, the three different sets of TA data are ranked independently, given the 
highest index (10) to the excipient/blend with the best result (weighed normalizing). 
In the table below, the tabletting and TA performance of the different excipients and 
blends is summarized as a consolidated index ranking list. For this purpose, the set of 
roller compaction data is used as reference – correlating data of the other systems 
would prove their valuable use as predictive tools (refer to page 137). This would help to 
save time as well as reducing the material need: in early stages of pharmaceutical 
development the APIs are typically very expensive and only available in small 
quantities. 
In best case, feasibility prediction would be possible with just a few grams of the 
formulation, to be compressed and evaluated by a TA. There would be even some 
benefit if conclusions could be drawn by TA from small amounts of ribbons 
manufactured at different compressions forces within one manufacturing run: no more 
milling of the ribbons with material losses in initial and final phase for each setting and 
subsequent tabletting, again with losses.  
 
Overview: Crushing Strength Index Ratings of pure Excipients and Blends  
Formulation Direct Tabletting 
Roller 
Compact.  
(6 kN/cm), 
Tabletting
 (Reference)
TA: 
Ribbon’s 
Crush. Str. 
(after RC 3 / 6 
/ 9 kN/cm) 
TA: AUC of 
Ribbon’s 
Crush. Str.  
(after RC 3 / 6 / 
9 kN/cm) 
TA of 
Powders: 
Crush. Str.  
/ mg Tablet 
Weight 
MCC, type  
Avicel PH 101 10 6 10 10 10 
MCC, type  
Avicel PH 200 5 2 5 7 8 
Lactose, type 
Tablettose 70 1 1 1 0 1 
Mannitol, type 
Pearlitol SD 200 2 2 2 1 2 
Pregel. starch, type 
Cerestar 93000 3 1 2 2 5 
Tablettose 70   
1:1 with MCC 4 4 4 5 4 
Pearlitol SD 200 
1:1 with MCC 4 2 3 3 4 
Cerestar 93000  
1:1 with MCC 6 3 5 5 7 
Table 139: Overview – Ratings of pure Excipients and Blends 
 
The data of the table above is visualized in the following two figures. It is to consider 
that the abscissa is not scaled – it represents the different manufacturing processes and 
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  4. Main Experiments 
Jochen Farrenkopf  Page 187 
characterization techniques. Also the data connecting line per excipient or blend is only 
intended to simplify their comparison. Again, the RC data is intentionally not normalized 
to a maximum of 10 to reflect the compressibility reduction caused by the additional 
compaction step and therefore the RC/DT-interdependency (green marks below). 
 
Rating of Pure Excipients
0
2
4
6
8
10
Direct
Tabletting 
Roller
Compact. +
Tabl.
TA: Ribbon’s
Crush. Str.
TA: AUC of
Ribbon’s Cr.
Str.
TA Powder: Cr.
Str./mg
Manufacture / Test method
R
at
in
g 
[0
-1
0]
MCC, type Avicel PH 200 Mannitol, type Pearlitol SD 200
Pregel. starch, type Cerestar 93000 Lactose, type Tablettose 70
MCC, type Avicel PH 101
 
Figure 74: Performance Rating – Pure Excipients 
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Figure 75: Performance Rating – Excipients Blends 1:1 with MCC 
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For the pure excipients, microcrystalline cellulose, a material which is known to deform 
plastically, delivers best processability with consequently highest index values for all 
systems (direct tabletting, roller compaction / tabletting, TA evaluation of ribbons and 
powders; type Avicel PH 101). Mannitol (Pearlitol SD 200) and especially lactose 
(Roberts and Rowe, 1986: deforming by a mixed mechanism of particle fracture and 
plastic deformation; Tablettose 70) exhibit poor results with index values between 0 and 
2, but again consistently for all systems applied.  
The amount of roller compaction prediction is limited for pregelatinized starch (Cerestar 
93000), where the direct tabletting and TA data (index values 3 and 5) implies much 
better performance than the poor roller compaction index value of 1. 
Even worse is the prediction level for microcrystalline cellulose type Avicel PH 200: this 
typical direct tabletting excipient (large particles, low surface area, good flow) only 
seems to be feasible for a single compression step (direct tabletting or compaction into 
ribbons), but a second compression after milling of the ribbons significantly reduces its 
processability (index value: 2). Unfortunately, with index values of 5 - 8, neither direct 
tabletting nor the TA systems discriminate this inherent behavior to allow roller 
compaction feasibility prediction.  
It could be assumed that the d50 values of the excipients directly impact the resulting 
compressibility level. This is valid while comparing the two microcrystalline cellulose 
grades  – the smaller particles of Avicel PH 101 showed higher compressibility / overall 
index data than Avicel PH 200. This effect is also described by Hwang and Peck, 2001. 
The d50s are listed in Table 3: Excipients PSDs on page 28. For chemically different 
excipients with comparable d50s in the 150-190 µm range (Avicel PH 200, Tablettose 
70 and Pearlitol SD 200) other effects seem to be prominent, as their compressibility / 
index data strongly varies.  
Refer to Figure 69 on page 179 for the d50s of the pure and unprocessed excipients 
and their respective performance. 
 
 
Looking into the more formulation-like 1:1 blends with microcrystalline cellulose (type 
Avicel PH 101), again the roller compaction / tabletting performance of lactose (type 
Tablettose 70; index value: 4) is judged equal by the other systems (index value: 4 - 5). 
Farber et al., 2008, also demands a certain  MCC presence to allow reasonable 
prediction models – mentioning at least 50%.  
The good lactose feasibility prediction is not that evident for mannitol (type Pearlitol SD 
200; roller compaction / tabletting index value: 2) and even less for pregelatinized starch 
Cerestar 93000 (index value: 3), regarding their inappropriate high TA index values of 
3 - 4 and 5 - 7. This is supposed to be related to Farber et al., 2008, demanding mainly 
plastic deformation as prerequisite for prediction.  
Further evaluating the 1:1 blends, the lactose performance is not recognized as 
relatively good roller compaction / tabletting formulation: the less favorable blend with 
pregelatinized starch (type Cerestar 93000) is weighed equal or better by direct 
tabletting and TA trials.  
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Grulke et al., 2004, also described in two articles a non-proportional effect on resulting 
fines, if microcrystalline cellulose is present next to other excipients (they evaluated 
lactose and dicalcium phosphate dihydrate). As a reason they stated enclosure of the 
excipients by microcrystalline cellulose due to its high yield pressure, with the 
consequence of higher microcrystalline cellulose proportions in the fines after milling. 
 
In general, the direct tabletting trials as well as the three TA characterization systems 
allow some prediction of roller compaction feasibility, but only to a limited extend. Here 
the TA compression of powders is preferred if only a small amount of material is 
available. It can be expected that the benefit from the TA applications could be 
improved further: equipment-related is the densification speed relatively slow, in 
combination with relatively long hold time (refer to page 192 for direct comparison of TA, 
DT and RC real-time displacement and densification curves). 
If time is more critical than material availability, a roller compaction trial should be 
considered in order to manufacture a few intact ribbons (refer to page 142) at different 
compaction force levels. As milling and tabletting of the ribbons can be skipped by 
simply assessing the ribbons properties with the TA, this approach can be a valuable 
tool especially for screening purposes.  
 
Figure 76 combines the evaluated characterization techniques, their respective material 
need and the extend of RC feasibility prediction: 
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Figure 76: Characterization Tools for RC Prediction 
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Compression Studies Overview – Excipients for RC Purposes  
The roller compaction process has many benefits as described in 1.1, but is also known 
to reduce the deriving tablet’s crushing strength compared to direct tabletting. This 
conclusion is not surprising due to the additional compaction step, but as can be seen in 
Table 139 above (“Overview – Ratings of pure Excipients and Blends”), the reduction’s 
extend varies depending on the excipient/blend:  
 
- Microcrystalline cellulose, type Avicel PH 101, reaches the best scores for direct 
tabletting as well as for roller compaction / tabletting. For the 1:1 blends with Avicel 
PH 101, Cerestar and especially Tablettose are beneficial regarding tablet’s 
crushing strength. Overall, microcrystalline cellulose types with adequately small d50 
value, such as Avicel PH 101, are justified of being the basic ingredient of roller 
compaction formulations.  
 
- The large particles of microcrystalline cellulose, type Avicel PH 200, suffer the 
most from roller compaction, its use is not appropriate for this process. Even though 
Avicel PH 101 has the same microcrystalline cellulose basis, the insufficient 
performance of Avicel PH 200 emphasizes the high impact of particle size and 
shape (refer to page 35 for SEM pictures, PSD data on page 28).  
 
- Besides microcrystalline cellulose type Avicel 101, lactose (Tablettose 70) is the 
only investigated excipient not strongly suffering from the roller compaction process, 
regarding the deriving tablet’s crushing strength. Despite its poor performance as 
pure excipient in direct tabletting and roller compaction / tabletting, Tablettose shows 
unexpectedly good results in the 1:1 blend with microcrystalline cellulose (type 
Avicel PH 101), so this combination can be considered as sensible choice for 
formulation development. For this blend ratio, Grulke et al., 2004b, mention the 
maximal prevalence of fines, so there is still room for improvement. As a reason, 
they mention the presence of irregular lactose clusters forming during compaction, 
as microcrystalline cellulose with its higher yield pressure absorbs most of energy – 
the milling procedure sets the low compressed irregular clusters free.  
Again, an optimized blend ratio offers the chance to reduce/minimize lactose cluster 
formation. 
Moreover, as there are many lactose grades commercially available, its performance 
can potentially further be increased by selecting the adequate grade in terms of 
particle size and shape. For this topic, also refer to Inghelbrecht and Remon, 1998c. 
Sinka et al., 2004, describe the difficulty in predicting the flow properties and die fill 
characteristics of lactose/microcrystalline cellulose blends.  
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- As a pure excipient, mannitol (type Pearlitol SD 200) performed poorly for both 
manufacturing processes. Adding Avicel PH 101 improves its compressibility in 
direct tabletting. This is not valid for roller compaction / tabletting, therefore it does 
not seem to be an excipient well suited for roller compaction purposes.  
 
- As pure excipient, pregelatinized starch type Cerestar 93000 shows acceptable 
results for direct tabletting only, but not for roller compaction / tabletting. In 
1:1 blends with microcrystalline cellulose type Avicel PH 101 this improves strongly, 
especially the direct tabletting results are better than those of Tablettose 70 and 
Pearlitol SD 200. The roller compaction / tabletting data is only at a mediocre level, 
so Cerestar 93000 should not be used in larger quantities as filler/binder. 
Nevertheless, low proportions can be useful to optimize roller compaction 
formulations as tablet disintegration aid. 
 
Generally, roller compaction formulations are highly dependent on the excipient type 
and – adequately important – its grade determining particle size and shape. Some of 
the investigated excipients/blends prove good processability, but there is high 
probability for further improvement by sensible particle engineering: maximized surface 
area and ability for interparticular bindings, in a viable balance with sufficient flow 
properties.  
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Why is it difficult to correlate DT, RC and TA compression? 
As shown before, there’s a certain, however limited, comparability between the three 
compression approaches. For root cause evaluation, the three compression 
characteristics are visualized in a combined real-time/displacement diagram of the 
individual toolings (overview and detail):  
 
 
Figure 77: Tooling Time-/Displacement Curves DT, RC and TA Process 
 
 
 
 
Figure 78: Tooling Time-/Displacement Curves DT, RC and TA Process - Detail 
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Assumptions for graphs calculation are the standard settings of the utilized equipment 
as described in Table 5. To simplify process graphs comparison, all three compressions 
start from 10 mm powder height and aim at 3 mm compact height, leaving elastic 
recovery besides. The step in the DT curve derives from powder pre-compression. 
The corresponding densification curves (overview and detail) help in understanding the 
process: 
  
 
Figure 79: Densification Curves for DT, RC and TA Process 
 
 
 
Figure 80: Densification Curves for DT, RC and TA Process - Detail 
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It is obvious to see that the actual compression duration of the DT process is relatively 
short and powerful. Its accelerated, rather abrupt punch movement appears to be 
effective in terms of material throughput. However, the limited timeframe makes it also 
easy to understand that DT has its downside: limitations in the flow of the particles can 
negatively impact mass uniformity by inhomogeneous filling of the die (refer to Picture 
44). The relatively short calculated dwell time of 66 ms also limits particles arrangement 
in order to form a homogeneous tablet matrix with minimal cavities and irregularities – 
prerequisite for mechanically stable tables with low crushing strength variability.  
Actual differences in compressibility might derive from chemically different powders and 
their compression characteristics (plastic, elastic, brittle) – but equally from a single 
excipient delivered in different grades/PSDs. This particle structure dependency shows 
up in Table 139 (rating overview): the DT Crushing Strength Index difference between 
MCC type Avicel PH 101 and the larger type PH 200 displays the highest PSD 
dependency with a number of 5.  
The low circumference speed doesn’t seem to make the RC process very effective, but 
the time-/displacement curve implicitly covers the relatively huge width of the roll (in the 
case of the Gerteis Minipactor = 25 mm) and, moreover, its continuously proceeding 
movement. The screws transport system and especially the continuous, slow 
compression between the relatively large rolls contribute to major RC benefit: low 
sensitivity to poorly flowing material. Compared to DT, the particles have much more 
time to arrange and to create a homogenous compact matrix. 
Consequently, the RC dependency on the excipient grade/PSD becomes less evident 
(compared to DT). This is displayed in Table 139 by the smaller Crushing Strength 
Index difference of 4 for RC of Avicel PH 101 vs. the larger PH 200. 
 
The TA application is limited to single compacts (or very small batches) manufacture. 
Compared to RC, the TA compression is again magnitudes slower. This is valid for the 
very slow and linear compression phase and even more for the intentionally long hold 
time of 5000 ms. Those displacement characteristics allow extensive time for particles 
arrangement and their regularly distributed formation. Flow limitations and surface 
effects are strongly reduced.  
This theory description is supported by the smallest difference in Crushing Strength 
Index for Avicel PH 101 vs. PH 200 of the three techniques: 2. The physico-chemical, 
inherent functionally related nature of an excipient appears to be more important than its 
grade/PSD. 
 
All the statements above describe root cause and effects deriving from the compression 
characteristics of DT, RC and TA processes. In order to allow prediction from small 
scale to larger scale techniques, it might be worthwhile to consider overlapping process 
settings, targeting e.g. identical dwell times.  
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Thus, DT and TA settings for this real-time-/displacement diagram were chosen to 
mimic the RC curves as close as possible (DT: low rotary die speed of 8 rpm; TA: 
maximal speed of 5 mm/s in combination with minimal hold time of 100 ms; overview 
and detail diagrams):  
  
 
Figure 81: Theoretical Tooling Time-/Displacement Curves DT, RC and TA Process 
  
 
 
Figure 82: Theoretical Tooling Time-/Displacement Curves DT, RC and TA Process - Detail 
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Figure 83 shows the respective densification overview diagram, Figure 84 the more 
detailed view:  
  
 
Figure 83: Theoretical Densification Curves DT, RC and TA Process 
 
 
  
 
Figure 84: Theoretical Densification Curves DT, RC and TA Process - Detail 
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  4. Main Experiments 
Jochen Farrenkopf  Page 197 
Obviously the RC densification characteristics could not be met by the DT rotary die 
system or the TA. The inherently slower TA densification gives hints on the limited 
DT/RC predictability – as well as the partially higher TA Crushing Strength Index values 
deriving from more time for better particles alignment during compression (refer to Table 
139 for the ratings overview and the related Figure 74 and Figure 75).  
 
There is always dwell time related to DT process (flat part of punch head, its horizontal 
movement), whereas dwell time formally not exists for RC. Therefore the RC curves for 
displacement and densification cannot be completely mimicked by DT. Either the 
downward displacement can be matched (while overall densification takes longer) or 
overall densification can be similar (resulting in non-congruent displacement curves).  
This discrepancy is also described by the low Crushing Strength Index values 
correlation: RC prediction by DT was shown to be limited.  
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5. Overall Summary 
Why Roller Compaction? 
Roller compaction is a dry granulation technology, used to overcome unfavorable 
powders and APIs physical properties, such as poor flow, low and/or inhomogeneous 
bulk density or segregation/floating of powder blends. Roller compaction improves these 
inadequacies by fixing the API particles in the ribbon’s excipient matrix. This effect can 
also help to reduce sticking/picking tendencies: for an API very critical herein (data not 
shown here due to IP constraints), roller compaction allowed to nearly double the drug 
load of the formulation.  
Technically, the roller compaction key process is a screw system constantly feeding 
(mass-wise, not volume) the powder blends into the gap formed by two counter-rotating 
rolls: the powders are continuously densified into ribbons of theoretically infinite length. 
The ribbons are subsequently milled into granules, being the basis for further 
processing such as encapsulation or tabletting.  
Current roller compactor designs are equipped with highly sophisticated 
instrumentation, control systems and automated modes to ensure uniform processing of 
ribbons reproducibly.  
Moreover, roller compaction can easily be converted into a continuous manufacturing 
process, with the option of scale up with low efforts.  
These features also address the current FDA demands, such as PAT (Process 
Analytical Technology: designing, analyzing and controlling processes by measuring 
critical process parameters and quality attributes) and QbD (Quality by Design: a 
systematic development approach that begins with predefined objectives and 
emphasizes product and process understanding and control, based on sound science 
and quality risk management, refer to in the ICH guidelines Q8, Q9 and Q10).  
As a solvent-free granulation process, this means absence of drying processes that 
imply large and highly expensive air handling systems as well as solvent recovery. The 
valuable (GMP-) manufacturing floor space is strongly reduced, compared to 
conventional wet granulation units.  
Roller compaction is appropriate to handle heat and/or hydrolysis sensitive APIs as well 
as effervescent powders. In addition there is no risk of solvent-induced polymorph 
changes or the presence of residual solvents in the final product. 
 
Sieve Analysis of roller compacted Granules 
The standard sieve analysis (mesh sieve tower on vibrating plate) is also feasible to 
assess granule derived from roller compaction, despite the fibre-like structures of low 
compacted fines, as depicted in 3.4.2. The critical process parameters were evaluated 
(e.g. sieving duration) and a standard set-up was defined. In addition, adequate 
sampling and sample preparation technique is very important. High effort was put into 
thorough design of the trials in order to focus on practically relevant parameters 
(selection of characterization methods, excipients, equipment, process settings, etc), 
their scientific implication and finally the impact on process and product.  
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Granules – Flow Properties of the Particle Size Fractions 
As no capillary forces (and therefore adhesive bonds) are applied in roller compaction, 
milling of the ribbons can lead to relatively high amounts of fine particles – the ribbons 
can partially decompose into their primary particles. This is especially evident for this 
work as a low compaction force was applied during roller compaction to intentionally 
manufacture ribbons of relatively low mechanical strength: high emergence of fines 
simplified the comparison of the milling devices. This should not be misinterpreted as a 
general, inherent drawback of the roller compaction process. Compared to the 
unprocessed excipients particles, these fines are pre-densified by the roller compaction 
process and could therefore process differently. Evidence to this assumption is added 
by the irregular shape of these fines, compared to higher compacted and larger 
particles (refer to SEMs in 3.4.2). Consequently, the granules flow properties were 
evaluated, differentiating seven particle size fractions in the range of up to 1.25 mm. It 
could be shown that especially the fine particles fraction < 0.1 mm exhibit a critical 
combination of high incidence and very poor flow properties, negatively affecting the 
overall granule flow properties and thus the subsequent process steps. For comparison 
purposes: the unprocessed primary particles of the standard formulation exhibit even 
worse flow properties (page 147), so applying the roller compaction process prove to be 
a sensible choice. 
The fines fraction and the unprocessed excipient exhibit poor flow properties, being 
improved for the larger particles 0.6 - 1.25 mm. Even superior to those, the best particle 
flow was obtained from the 0.1 - 0.4 mm fraction.  
 
Granules – Properties of the Blends 
Compared to the particle size fractions evaluation above, typically blends with a broader 
particle size range are used, often with significantly varying distributions. Consequently 
a total of eight practically relevant, representative blends with different amounts of fine, 
medium and coarse particles were prepared (page 63) to simulate a variety of particle 
size distributions – to check for their flowability, compressibility and the resulting tablets 
properties.  
Again, the flow properties of the blends strongly suffered from higher amounts of fines, 
but the results were better than for the unprocessed primary particles of the standard 
formulation. There was further improvement with the medium fraction and the blends 
with the coarse particles – they exhibited flow properties at a satisfying level, with only 
minor influence caused by the added coarse particles.  
The tapped density data of the different blends allows an interesting view on the 
fractions interaction: adding fines to the medium fraction strongly increases their tapped 
density, whereas the absolute amount of the fines seems to be negligible: the tapped 
density data of the blends with 15% - 60% of fine particles are at a comparable level. 
Already the presence of 15% fines appears to be filling the cavities between the larger 
particles of the medium fraction 0.1 - 1 mm, whereas more fines have only little 
supplementary effect. The tapped density of the medium fraction is significantly lower – 
the space between the larger particles is expected not to be filled completely. Admixing 
coarse particles to the medium fraction only slightly increases tapped density – it can be 
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assumed that the capacity of the cavities are here smaller than for the fines/medium 
fractions interactions.  
 
For compression into tablets, unprocessed excipients < 0.1 mm are generally beneficial 
to achieve high mechanical tablet stability. It could be shown that the tablets tensile 
strength significantly suffers from the presence of roller compacted fines (page 69). This 
negative effect is evident for blends with 15% of fines, even more with 30% being 
present. A major reason can be expected in the changed particles shape and therefore 
decreased ability of the pre-densified fines to flow and align while filling the dies. This 
particles alignment is also limited for the compression phase, when the dies would be 
homogeneously filled to subsequently form a matrix of evenly distributed three-
dimensional interparticular bindings. 
Surprisingly the alignment effect does not increase with higher amounts of fines, it 
seems to be over-compensated by another: the tablets tensile strength increases for 
blends with 45% and 60% of fines. To establish interparticular bindings, now the 
combination of high number of particles and their large surface area appears to be 
predominant – despite the poor flow. 
 
He et al., 2007, and Sun, 2008, state the strong impact of lubrication on the fines 
compressibility, so a sensible, low lubrication for RC and adding the additionally 
required amount for tabletting could help in improving the fines processability. 
Overall, the best tensile strength data derived from the medium particle size fraction 
0.1 - 1.0 mm: the wide variety of smaller and larger particles with good flow properties 
easily aligns during filling and compression phase, forming homogeneous and 
mechanically stable tablets. Adding coarse particles to the medium fraction, a 
comparable mechanism can be assumed: the larger particles have very good flow 
properties – but their limited surface area and therefore reduced ability to establish 
interparticular bindings has minor negative impact on the blends compressibility. 
 
It is most likely that the tablet’s mass variations are rather based on the blends densities 
than on their flow differences: the higher bulk density of the blends containing fines 
(page 67) facilitates the tabletting process, as less cavities within the blend contribute to 
an increased alignment of the particles during compression. There might also be a 
positive effect from the shorter distance the lower punch has to cover, and the smaller 
die volume that has to be filled consistently in a narrow timeframe. As a consequence, 
the less dense blends (medium fraction; medium fraction with coarse particles admixed) 
have more difficulty in filling a larger die volume in the same timeframe. Moreover, 
blends with admixed coarse particles also have the problem of particles on the upper 
die surface, that either get stripped off (b) or forced into (a) the die before compression: 
as displayed in Picture 44, the larger the particles are in relation to the die diameter, the 
higher the resulting mass variations.  
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Picture 44: Scheme – Lump Particle stripped off / forced into the Die 
 
 
 
Reduction of Fines – Milling Devices 
Milling devices have to be chosen carefully to minimize de-agglomeration of the ribbons 
into their primary particles. Wherever possible, depending on the mill’s capabilities, 
various parameters were assessed to compare the milling devices, such as different 
sieve screen sizes, sieve types, rotor types, rotor speeds, rotor / sieve distances, and 
sensible combinations thereof. The evaluation is mainly based on the resulting fine 
particles presence. Also material throughput, ease and reproducibility of set-up and 
number of critical process parameters were considered.   
Despite its customized speed reduction described in 3.1.2, the Quadro Comil 197 
generates unacceptably high amounts of fine particles (58.6 %). The Gerteis granulator 
with newly modified sieve housing delivers the best performance concerning the fines 
(43.5 %). It is also preferential compared to the standard sieve housing (49.6% fines) 
because of its more thoroughly and reproducibly set-up, and therefore reduced 
dependency on the operator’s skills. The reduced dependency on rotor type and speed 
is rather unexpected: it can be assumed that the new sieve housing has a higher 
mechanical stability. This could improve rotor type and speed dependency by reducing 
evasive side movements if force peaks apply. 
Besides the slightly higher fines proportions, for smaller ribbons quantities also the 
independently driven Frewitt mill GLA_ORV with its relatively slow oscillating rotor is a 
viable option (47.2 % fines).  
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Reduction of Fines – Dry Binders 
The dry binders were added with the intent to improve the already highly efficient 
filler/binder microcrystalline cellulose. This target could be reached especially by two of 
the assessed five dry binders, though associated with inherent drawbacks: 
Even the low percentage of 3% PEG 1500 reduces the amount of fine particles 
< 0.1 mm by 3.6%, being the only formulation not prolonging the tablet disintegration 
time significantly; also the milling batch to batch variation is improved. This can help 
especially for critical formulations suffering herein – if the tablets crushing strength 
reduction by approximately 20% is acceptable. 
For polyvinylpyrrolidone, type Kollidon 30, a proportion of 9% is required for fines 
reduction by 6.1%, the best overall result. The crushing strength is on the very high 
level of the standard formulation, batch-to-batch variation is even superior. As a 
drawback, disintegration time is more than three times higher than the 15 minutes limit, 
but this effect could be overcome at least partially by adding superdisintegrants. The 
long disintegration time could intentionally be used for modified release purposes, but 
the high compression force dependency has to be considered thoroughly: small 
changes have the consequence of highly varying disintegration times.  
 
 
Compression Studies – Prediction of Roller Compaction Feasibility 
Compression trials were performed with the powders under evaluation: pure excipients 
and the rather formulation-like 1:1 blends with microcrystalline cellulose. The objective 
was to get information about the manufacturing methods comparability (direct tabletting 
vs. roller compaction/tabletting vs. TA) and their extend of predictability. In parallel to 
comparing the methods, also the different excipients/blends potential use as valuable 
roller compaction ingredients was assessed.  
As described on the pages 178 and 183, the tablet’s crushing strength of each 
formulation is calculated by using the slope’s formula for data standardization and direct 
comparison in a metric ranking order. Also the three different sets of TA data are ranked 
(individually calculated on pages 180 and 185), given the highest index of 10 to the 
excipient/blend with the best result (weighed normalizing). The roller compaction data is 
regarded as reference – correlating data of the other systems would prove their 
valuable use as predictive tools (refer to page 137).  
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Overview: Crushing Strength Ratings of pure Excipients and Blends  
Formulation Direct Tabletting 
Roller 
Compact., 
Tabletting
 Reference
TA: 
Ribbon’s 
Crushing 
Strength 
TA: Ribbon’s 
Crushing 
Strength 
AUC  
TA of Powders:
Crushing 
Strength / mg 
Tablet Weight 
Microcryst. cellulose, 
type Avicel PH 101 10 6 10 10 10 
Microcryst. cellulose, 
type Avicel PH 200 5 2 5 7 8 
Lactose, type 
Tablettose 70 1 1 1 0 1 
Mannitol, type 
Pearlitol SD 200 2 2 2 1 2 
Pregelatinized starch, 
type Cerestar 93000 3 1 2 2 5 
Tablettose 70   
1:1 with MCC  4 4 4 5 4 
Pearlitol SD 200 
1:1 with MCC 4 2 3 3 4 
Cerestar 93000  
1:1 with MCC 6 3 5 5 7 
Table 140: Overview – Ratings of pure Excipients and Blends 
MCC = microcrystalline cellulose (type Avicel PH 101 was used for the 1:1 blends).  
 
For the pure excipients, microcrystalline cellulose (type Avicel PH 101) delivers best 
processability with consequently highest index values for all systems (direct tabletting, 
roller compaction / tabletting, TA evaluation of ribbons and powders). Mannitol (Pearlitol 
SD 200) and especially lactose (Tablettose 70) exhibit poor results with index values 
between 0 and 2, but again consistently for all systems applied. The amount of roller 
compaction prediction is limited for pregelatinized starch (Cerestar 93000), where the 
direct tabletting and TA data (index values 3 and 5) implies much better performance 
than the poor roller compaction index value of 1. Even worse is the prediction level for 
microcrystalline cellulose type Avicel PH 200: this typical direct tabletting excipient 
(large particles, low surface area, good flow) only seems to be feasible for a single 
compression step (direct tabletting or compaction into ribbons), but a second 
compression after milling of the ribbons significantly reduces its processability (index 
value: 2). Unfortunately, with index values of 5 - 8, neither direct tabletting nor the TA 
systems discriminate this inherent behavior to allow roller compaction feasibility 
prediction.  
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Looking into the more formulation-like 1:1 blends with microcrystalline cellulose (type 
Avicel PH 101), again the roller compaction / tabletting performance of lactose (type 
Tablettose 70; index value: 4) is judged equal by the other systems (index value: 4 - 5). 
This good feasibility prediction is not that evident for mannitol (type Pearlitol SD 200; 
roller compaction / tabletting index value: 2) and even less for pregelatinized starch 
Cerestar 93000 (index value: 3), regarding their unrealistically high TA index values of 
3 - 4 and 5 - 7.  
Furthermore, the good lactose performance is not recognized as best roller compaction 
/ tabletting formulation: the less favorable blend with pregelatinized starch (type 
Cerestar 93000) is weighed equal or better by direct tabletting and TA trials.  
 
Overall, the direct tabletting data can be predicted with a relatively high probability from 
TA compression of powders. To a limited extend this is also valid for prediction of roller 
compaction feasibility, using direct tabletting trials as well as the three TA 
characterization systems. Here the TA compression of powders is preferred if only a 
limited amount of material is available. Possibly the TA value could again be improved 
in the future if the DT/RC displacement and densification curves can be mimicked more 
closely (refer to page 192 for direct comparison of TA, DT and RC real-time 
displacement and densification curves). 
 
If time is more critical than material availability, a roller compaction trial should be 
considered in order to manufacture a few intact ribbons (refer to page 142) at different 
compaction force levels. As milling and tabletting of the ribbons can be skipped by 
simply assessing the ribbons properties with the TA, this approach can be a valuable 
tool especially for screening purposes.  
 
On the next page, Figure 85 summarizes the evaluated characterization techniques, 
their respective material need and the extend of RC feasibility prediction. 
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Figure 85: Characterization Tools for RC Prediction 
 
 
 
 
 
Compression Studies – Excipients for RC Purposes 
The roller compaction process has many benefits, but is also known to reduce the 
deriving tablet’s crushing strength compared to direct tabletting. This conclusion is not 
surprising due to the additional compaction step, but as can be seen in the overview 
Table 140 above, the reduction’s extend varies depending on the excipient/blend:  
- Microcrystalline cellulose, type Avicel PH 101, reaches the best scores for direct 
tabletting as well as for roller compaction / tabletting. For the 1:1 blends with Avicel 
PH 101, Cerestar and especially Tablettose are beneficial regarding tablet’s 
crushing strength. Overall, microcrystalline cellulose types with adequately small 
d50 value, such as Avicel PH 101, are justified of being the basic ingredient of roller 
compaction formulations.  
- The large particles of microcrystalline cellulose, type Avicel PH 200, suffer the 
most from roller compaction, its use is not appropriate for this process. Even though 
Avicel PH 101 has the same microcrystalline cellulose basis, the insufficient 
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performance of Avicel PH 200 emphasizes the high impact of particle size and 
shape.  
- Besides microcrystalline cellulose type Avicel 101, lactose (Tablettose 70) is the 
only investigated excipient not strongly suffering from the roller compaction process, 
regarding the deriving tablet’s crushing strength. Despite its poor performance as 
pure excipient in direct tabletting and roller compaction / tabletting, Tablettose shows 
unexpectedly good results in the 1:1 blend with microcrystalline cellulose type Avicel 
PH 101, so this combination can be considered as sensible choice for formulation 
development. As there are many lactose grades commercially available, its 
performance of can potentially be improved by selecting the adequate grade in 
terms of particle size and shape.  
- As a pure excipient, mannitol (type Pearlitol SD 200) only exhibited a poor 
performance for both manufacturing processes. Adding Avicel PH 101 improves its 
compressibility in direct tabletting. This is not valid for roller compaction / tabletting, 
therefore it does not seem to be an excipient well suited for roller compaction 
purposes.  
- As pure excipient, pregelatinized starch type Cerestar 93000 shows acceptable 
results for direct tabletting only, but not for roller compaction / tabletting. In 
1:1 blends with microcrystalline cellulose type Avicel PH 101 this improves strongly, 
especially the direct tabletting results are better than those of Tablettose 70 and 
Pearlitol SD 200. The roller compaction / tabletting data is only at a mediocre level, 
so Cerestar 93000 should not be used in larger quantities as filler/binder. 
Nevertheless, low proportions can be useful to optimize roller compaction 
formulations as tablet disintegration aid. 
 
Generally, roller compaction formulations are highly dependent on the excipient type 
and – adequately important – its grade determining particle size and shape. Some of 
the investigated excipients/blends prove good processability, but it can be expected that 
there is still room for improvement by sensible particle engineering: maximized surface 
area and ability for interparticular bindings, in a viable balance with sufficient flow 
properties.  
 
Relevant Aspects of Roller Compaction covering the Impact of Excipients, Milling Devices, Fines and 
Feasibility Prediction  5. Overall Summary 
Jochen Farrenkopf  Page 207 
 
Essentials 
 
Why Roller Compaction? 
− Continuous dry granulation technology 
− Versatility / scale-up: pilot scale RC handles < 1 kg / trial as well as 100 kg/h 
− Reproducibly uniform processing of ribbons 
− Overcomes issues with flow, bulk density or segregation/floating 
− Addresses current FDA demands such as PAT and QbD 
− Also for hydrolysis sensitive APIs or effervescent powders 
− No solvent-induced polymorph changes or residual solvents 
− Small manufacturing floor space (no air handling systems or solvent recovery). 
 
 
 
Granules – Properties of the fractionated Blends 
− Eight representative blends to simulate variety of PSDs 
− Tapped density allows interesting view on fractions interaction:  
o Already 15% fines fill cavities of medium fraction 0.1 - 1 mm 
o Significantly lower values for medium fraction 
(space between particles not filled completely) 
− Fines deriving from milling of the ribbons (fraction < 0.1 mm) 
o Critical: very poor flow properties (but still better than unprocessed MCC) 
o Irregular shape (fibre-like fines after RC; larger granules rather spherical) 
− Improved flow for larger particles 0.6 - 1.25 mm, best flow for 0.1 - 0.4 mm fraction.  
 
 
 
Tabletting of the fractionated Blends 
− Tablets tensile strength significantly suffers from presence (up to 30%) of RC fines  
(decreased flow, alignment and three-dimensional interparticular bindings) 
− Tablets tensile strength increased for blends with 45% and 60% fines 
(alignment effect over-compensated by high number of particles / large surface area) 
− Best tensile strength from medium particle size fraction 0.1 - 1.0 mm 
(good flow, easy alignment) 
− Tablet’s mass variations rather based on blends densities than on their flow 
differences. 
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Reduction of Fines – Milling Devices 
− Milling device and its set-up strongly impact resulting amount of fines 
− Quadro Comil 197 generated unacceptably high amounts of fines 
(despite its customized speed reduction) 
− Concerning fines, Gerteis granulator delivered the best performance 
(especially with newly modified sieve housing) 
− Slowly oscillating Frewitt mill GLA_ORV useful for smaller ribbons quantities. 
 
 
Reduction of Fines – Dry Binders 
− PEG 1500:  
o Most effective level: 3% 
o + Reduces amount of fine particles 
o - Reduces tablets crushing strength  
o Potential partial melting effect to reduce the particles friction 
− Polyvinylpyrrolidone (type Kollidon 30): 
o Most effective level: 9% 
o + Reduces the amount of fine particles 
o + No impact on tablets crushing strength 
o - Strongly increased disintegration time  
− Not beneficial over MCC standard formulation: 
o - Hydroxypropyl cellulose (type Klucel EXF) 
o - PVP/VA copolymer (type Kollidon VA 64) 
o - PEG 4000. 
 
 
Compression Studies – Prediction of Roller Compaction Feasibility 
− Compression trials with pure excipients and 1:1 blends with MCC (DT vs. RC vs. TA) 
− Target: extend of RC predictability 
− Comparison tool: data standardization by weighed normalizing and direct 
comparison in metric ranking order 
− TA compression of powders: 
o + Requires only 5-10 g material 
o + Can predict DT data  
o + Screening tool 
o - Limited RC feasibility prognosis 
o Potential improvement by further dwell time setting evaluation  
− Direct Tabletting (1 compression force): 
o Requires 250-350 g material 
o + Screening tool 
o - Limited RC feasibility prognosis 
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− RC into ribbons (2 RC forces) 
o Requires 450-600 g material 
o + Screening tool 
o + Good RC feasibility prognosis 
− RC / milling / tabletting (1 force) 
o Requires > 1000 g material 
o + Good RC feasibility prognosis for large scale manufacturing 
− Outlook: overcoming TA limitations would allow mimicking of DT/RC displacement 
and densification curves more closely. 
 
 
Compression Studies – Excipients for RC Purposes 
− Microcrystalline cellulose (type Avicel PH 101)  
o + Basic ingredient for roller compaction formulations  
o + Reaches best scores for RC as well as for DT 
o + For 1:1 blends, Cerestar and especially Tablettose beneficial 
o ! High impact of PSD and shape:  
poor performance of larger PSD grade (type Avicel PH 200)  
− Lactose (Tablettose 70)  
o + Good results in the 1:1 blend with MCC type Avicel PH 101 
− Mannitol (type Pearlitol SD 200) 
o - Not well suited for RC purposes  
− Pregelatinized starch (type Cerestar 93000)  
o 1:1 blend with MCC: quantity as filler/binder too high.  
 
− Compared to DT, the additional compaction step in RC reduces deriving tablet’s 
crushing strength 
− Reductions extend / RC processability is highly dependent on excipient type and 
grade 
− Outlook: still room for improvement by sensible particle engineering (PSD, shape, 
surface area, flow, etc).  
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6. Abbreviations 
List of Abbreviations 
-  negative result 
+ positive result 
API Active Pharmaceutical Ingredients  
approx. approximately 
AUC Area Under Curve (evaluation of diagrams) 
BCS biopharmaceutical classification system 
compr. compression (force) 
crush. str. crushing strength 
d50 median value in particle size distribution  
(50% of PSD data is below this particle size, 50% is higher) 
DOE design of experiments 
DT Direct Tabletting (without granulation) 
e.g. example given 
etc. et cetera 
Fract. Fraction (of sieve analysis) 
HPC Hydroxy propyl cellulose 
HPMC Hydroxy propyl methyl cellulose 
ICH International Conference on Harmonisation of Technical 
Requirements for Registration of Pharmaceuticals for Human Use 
IR instant release 
IP Intellectual Properties (patent-related) 
L / R Setup of Gerteis granulator: rotational angle to the right and to the 
left can be chosen independently, expressed in machine settings 
like 150° R / 180° L. 
man. manual, manually 
max maximal, maximum 
MCC microcrystalline cellulose 
mf medium fraction after sieving granule; here: fraction 0.1 - 1 mm 
Mg st magnesium stearate 
min minimal, minimum 
N/A not applicable 
PAT Process Analytical Technology (FDA initiative) 
Ph. Eur. Pharmacopoeia Européen, European Pharmacopoeia 
PEG Polyethylene glycol 
PSD particle size distribution  
PVP polyvinylpyrrolidone 
PVP/VA 
Copolymer 
polyvinylpyrrolidone–vinyl acetate copolymer 
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QbD Quality by Design (FDA initiative) 
RC Roller Compaction 
RD Rotary Die (tablet press) 
resp. respectively 
rpm rotations/revelation per minute 
RRSB special diagram type for PSD purposes, established by Rosin, 
Rammler, Sperling, Bennet 
SD standard deviation 
s rel relative standard deviation 
SEM scanning electron microscope 
TA Texture Analyzer 
USP United States Pharmacopoeia 
vs. versus 
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